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LECTIN COMPOSITION AND METHOD FOR DIAGNOSIS OF CANCER 

Background of the Invention 

Nuclear medicine plays an important role for the 
clinical oncologist, providing a non- invasive diagnostic pro- 
cedure capable of rapidly screening the entire body for cancer, 
if appropriate radiopharmaceuticals are available. Tumor scan- 
ning has become an established method for assessing the initial 
extent of spread (stage) of primary and metastatic lesions and 
providing a means of evaluating the efficacy of a therapeutic 
procedure. It is desirable for the radiopharmaceutical to ex- 
hibit a selective uptake in the tumor in order to achieve a 
tumor : background ratio, which permits detection of the neoplas- 
tic lesions. Typically, when the tumor : background ratio is 
2:1, tumor lesions will only be detected if the diameter is 
larger than about 2 centimeters. With improved concentration 
ratios , smaller lesions may be detected successfully and thus 
allow for earlier treatment of the cancer. 

The growth of tumor masses may alter tissue physiology 
or displace normal tissue, leading to abnormal scans with com- 
monly used radiopharmaceuticals. These "nonspecific limited- 
use" agents are able to detect physiological changes, such as: 

99m 

space occupying lesions in Tc sulfur colloid liver images, 

99m 

increased permeability of the blood brain barrier in Tc 
(pertechnetate and its chelates) brain scans and increased 
bone mineral metabolism in c-phosphate bone scans. All of 

these methods are unfortunately nonspecific and the scan ab- 
normalities may also be due to nonmalignant processes. In ad- 
dition, only one organ or tissue system is imaged, so that 
different radiopharmaceuticals are required for the evaluation 
of various organs. 
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Some tumor imaging agents attempt to exploit a quali- 
tative or quantitative difference of tumor tissue which distin- 
guishes it from normal tissue. Labelled metabolites can be 

tailored to a particular tumor. Thus, iodocholesterol labelled 
131 

5 with I is known to accumulate in cortisol-secreting adrenal 
75 

tumors and Se- selenomethionine localizes in protein synthe- 
sizing hepatomas and parathyroid adenomas. Melanin-avid 
chloroquine analogues successfully localize in melanomas and 

99m 

thyroid lesions can be imaged with radioiodine or Tc per- 

10 technetate. Most of these agents are not useful for routine 
tumor diagnosis, because they fail to interact with a broad 
spectrum of tumor types. 

Certain antibiotics have been known to affect the 
growth of tumors and, therefore, attempts have been made to 

15 label them, for use as tumor localizing agents. Tetracycline, 
labelled with either 9 . 9m Tc or 131 I, is concentrated somewhat 
in tumors but its uptake in nonmalignant tissue has precluded 
any extensive use. Bleomycin, an anti-tumor antibiotic, has 
been labelled with a wide variety of radionuclides including 

20 57 Co, 111 In, 123 i and 99m Tc. Radiolabelled bleomycin localizes 
in a broad spectrum of neoplasmas and demonstrates a rapid 
blood clearance (dependent upon the in vivo stability of the 
label). However, the bleomycin complexes are not tumor-speci- 
fic and also localize in nonmalignant lesions, such as inflam- 

25 matory processes. 

Excellent tumor visualization has been achieved with 

6 7 

Ga for some tumor types, particularly bronchogenic carcinoma, 
lymphoma and Hodgkin's disease, hepatoma and melanoma. Unfor- 
tunately, other common tumors (breast, gynecological, gastroin- 
30 testinal and genitourinary tract tumors) are often imaged with 
gallium with inconsistent success. The biodistribution of 
radiogallium is relatively complex, with the liver, bone marrow, 
stomach, intestine, nasopharynx and salivary glands concentra- 
ting an appreciable fraction. Localization of gallium in the 
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gastrointestinal tract often obscures detection of neoplastic 
lesions in the abdominal cavity. Other disadvantages include 
the expense of radiogallium and the sub-optimal physical decay 
characteristics, which reduce the image quality- The major 
5 drawback, in the routine use of Ga-citrate, is its lack of 
specificity. It accumulates in a wide variety of benign tis- 
sues and inflammatory lesions, thus complicating the diagnosis. 


mentioned tumor localizing agents stems largely from their mech- 
10 anism of localization. The altered regional physiology of tu- 
mors, including increased vascular permeability and intersti- 
tial space and decreased lymphatic drainage, also occurs in 
nonmalignant disease states. Therefore, localization in benign 
lesions, as well as in tumors, is to be expected for those 
15 radiopharmaceuticals in which localization is effected primar- 
ily as a result of altered microvascularity or nonspecific 
trapping. 


with changes in the cell surface, which result in the expres- 
20 sion of new protein or glycoprotein antigens. Antibodies, 

which bind specifically to these neoantigens, can be radioac- 
tively labelled to provide agents for tumor imaging with the 
important property of specificity. Recently, a new hybrid 
discipline of nuclear medicine and immunology has developed, 
25 specializing in the radio immunodetection of cancer. By virtue 
of the selectivity of such antibodies, they may also be poten- 
tially used as carriers of cytotoxic or chemotherapeutic drugs 
or therapeutic doses of radioactivity. 


30 distribution of a radioantibody. Each component of the system, 
antigen, antibody and radionuclide, has a very important con- 
tribution to the final success of tumor localization. A sum- 
mary of important factors in radioimmunodetection have been 
discussed by various investigators and are summarized in Table 
I. 


The major reason for the nonspecific ity of the afore 


Neoplastic alteration of a cell is often associated 


Many immunopharmacological factors are involved in the 
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TABLE I 


Major Considerations for Successful 
Radioimmunodetection of Tumors 


Component 


Required Characteristic 


antigen and 
tumor char- 
acteristics 


1) accessibility of antigenic site 

- antigen must be present on cell surface, 
rather than intracellular^ 

- antigenic-site not blocked by host anti- 
bodies 

2) tumor specificity of antigen marker 

- antigen present only on primary and meta- 
static tumors and not on benign or normal 
tissues 

3) long retention of antigen on cell surface 

- antibody retention time at tumor sufficient 
for imaging 

- antigens shed from tumor may interact with 
antibodies in circulation 

4) localization extent possible in tumor 

- perfusion, permeability, extravascular 
space and lymphatic drainage of particular 
tumors sufficient to allow for antibody 
localization 


antibody 
(or lectin) 


1) consistent specificity; reactivity only with 
tumor antigen of interest \ 

- pure antigen required to produce antibodies 
of specific reactivities 

- production, selection and purification 
methods capable of producing specific anti- 
bodies 


OMPI 
\7I?0 


WO 85/01442 


PCT/US83/0I395 


-5- 

TABLE I (cont) 


Component 

Required Characteristic 

antibody 
(or lectin) 

2) nonspecific localization is controlled or 
accounted for 

- simultaneous injection of nonspecific anti- 
body labelled with a different isotope 

3) high tumor/background ratio for good image 
contrast 

- fast blood clearance 

- low binding to backgroun tissue 

4) nontoxic and nonallergenic 

- repeated injections of foreign proteins 
could induce anaphalaxis 

labelling 
or imaging 
technique 

i 
i 

1) choice of radionuclide - chemical and physi- 
cal properties 

- appropriate effective half-life of radio- 
pharmaceutical 

- radionuclide amenable to scintographic 
techniques 

- radiation dose within acceptable limits 

2) labelling technique 

- required levels of specific activity are 
attained 

- biological activity retained following 
radiolabelling procedure 

- radiochemical stability 

3) special imaging techniques 

- system capable of subtraction methods for 
nonspecific localization and blood pool 
activity (e.g., 99mTc0 4 ~ an d 9 9m Tc-human 
serum albumin) 


//l^ WEO 
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Initial studies into the use of antibodies as tumor- 
localizing agents indicated that these agents suffered from 

131 

various limitations. ° I-rabbit antibody to human fibrinogen 
showed promising results but lacked tumor specificity. Anti- 
bodies produced against simgle cell homogenates, such as renal 
cell carcinoma, requires the production of antibodies to indi- 
vidual tumors and. tumor types. This must be followed by exten- 
sive work-up to remove cross-reacting antibodies. The produc- 
tion of different antibody preparations for each individual 
patient is not practical, from the viewpoint of time-cost ef- 
fectiveness and patient delay. 

The carcinoembryonic antigen (CEA) is a well-studied 
oncofetal antigen. It is a component of embryonic and fetal 
gut and is also found in human gastrointestinal (GI) carcino- 
mas. CEA has been subsequently found in a variety of normal 
as well as malignant tissues. Nevertheless, quantitatively in- 
creased plasma CEA levels have been found to be clinically 
significant in most GI cancers. 125 I- and 131 I-labelled goat 
anti-CEA also have been used successfully to localize xeno- 
grafts of human colonic carcinoma in hamsters. A delay of 4 
to 10 days post- injection was required for optimum tumor local- 
ization, due to a slow clearance of background radioactivity of 
the blood and non-tumor tissues. 

Successful clinical tumor imaging with anti-CEA was 
achieved only when blood pool background was subtracted by a 
computerized technique. Simultaneous injection of 99m -Tc-HSA 
(human serum albumin) and 99m Tc-pertechnetate permits computer- 
ized-subtraction of the blood pool and free radio iodide from 
the radiolabeled antibody distribution. Tumor : non-tumor 
ratios of radioactivity were only i:4 prior to background sub- 
traction in one study .but the tumor images were enhanced about 
2.5 times following computer-assisted processing of the images. 
The absolute requirement of this subtraction technique for suc- 
cessful tumor imaging has led some investigators to question 
the present suitability of anti-CEA for routine clinical use. 

OMPI 
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Radiolocalization studies have also been reported 


which use antibodies to human chorionic gonadotropin (HCG) and 
alpha- fetoprotein (AFP) . As with anti-CEA, a slow blood clear- 
ance in these investigations did not permit tumor-specific lo- 
5 calization significantly above background tissue. Therefore, 
computer-assisted background subtraction and special calcula- 
tions were required to demonstrate tumor selectivity of the 
antibodies . 


10 actively-labelled antibodies have been (1) the preparation of 
ultraspecif ic antibodies to tumors and (2) suppressing the 
background radioactivity caused by unbound antibody or anti- 
body-antigen complexes in the circulation. Upon injection of 
an antigen macromolecule into an animal, many cross-reactive 

15- antibodies are synthesized, due to the availability of numerous 
antigenic sites on a macromolecule. The resulting antibody 
preparation will not be homogeneous and will be able to detect 
and react with many more antigens than the specific desired 
tumor marker. Attempts to rectify this problem have involved 

20 the isolation and purification of the specific antigenic deter- 
minant of the tumor marker and the production of monoclonal 
antibodies . 

Kohler and Milstein developed a method in which hybri- 
domas were used to produce homogeneous and reproducible mono- 

25 clonal antibodies which are reactive to only one antigenic de- 
terminant. Antibody-secreting plasma cells, specific for the 
antigen, are hybridized or fused to myeloma cells which provide 
the ability to grow continuously in culture as hybridoma cells. 
Monoclonal antibodies have been developed towards various tumor 

30 markers and have been used in the radioimmunodetection of the 
metastases of hepatoma, colorectal cancer and choriocarcinoma. 
Unfortunately, the technique is relatively complicated, sophis- 
ticated and labor intensive. 


The principal difficulties with the use of radio- 
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Accordingly, it would be desirable to provide reagents 
which are more specific to tumor antigen markers than anti- 
bodies so that the tumor :non- tumor ratio of uptake of the re- 
agent is a higher value than the uptake value of presently 
5 available reagents including radiolabelled antibodies- Such 
reagents would permit the * diagnosis and therapy of malignant 
cells and tumors in vivo or in vitro in a manner more selective 
than presently available processes. 

10 Summary of the Invention 

In accordance with this invention, radiolabelled com- 
positions are provided which comprise a lectin selected from 
the group consisting of peanut lectin (PNA) , extract of orange 
peels, Madura pomifera (MPA) , Dolichos Biflorus agglutinin 

15 (DBA) , Soybean agglutinin (SBA) or other lectins of plants, 
animals or fish origin or active subunits of these lectins 
bound to antigenic markers on malignant cells or tumors, which 
compositions are either conjugated with a therapeutic agent or 
with a radiolabel. These compositions are administered paren- 

20 terally to humans and, in the case of radiolabelled composi- 
tions, the biodistribution of the labelled composition is mon- 
itored by scintigraphy in order to locate cancer cells or mal- 
ignant tumors. In the case of compositions conjugated with a 
therapeutic agent, the conjugated composition interacts speci- 

25 fically with the malignant cells or tumor in order to specifi- 
cally deliver the therapeutic agent to the cell to kill the 
cell or shrink the tumor. The present invention provides sub- 
stantial advantages over the prior art since the compositions 
utilized are more specific toward cancer cells or malignant 

30 tumors than compositions including an antibody to a tumor- 
specific antigen. A kit is also provided which includes the 
PNA lectin, the MPA lectin or subunits thereof as well as re- 
agents necessary to radiolabel the lectin or subunit thereof 
including the radiolabel. 
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Description of Specific Embodiments 

The word lectin comes from the Latin legere meaning to 
pick out or choose. The term was initially applied to a group 
of carbohydrate-binding plant seed (glyco) proteins which could 
5 distinguish among human blood groups. Sugar-binding proteins, 
which interact with an agglutinate plant and animal cells, have 
now been identified in a diverse range of organisms, including: 
bacteria, molds, and algae, plants, sponges, fish, snails, eels, 
crabs and even mammals . 

10 Many lectins currently employed are purified to homo- 

geneity by affinity chromatography on columns containing carbo- 
hydrate supports. Studies of those lectins obtained in purified 
form, have revealed a diverse range of physical and chemical 
characteristics. There is no structural feature common to all 

15 lectins, except that they are proteins. All lectins consist of 

subunits, although the number of subunits per molecule varies. 

+2 +2 

Some lectins require metal ions such as Ca or Mn for biolo- 
gical action. Molecular weights of lectins have ranged from 
36,000 to 335,000. Sometimes the lectins occur as a group of 

20 closely related proteins, called isolectins, which have very 

similar chemical and biological properties but differ in elec- 
trophoretic mobility. Many of the lectins are glycoproteins, 
although several lectin proteins, such as peanut lectin, con- 
canavalin A and wheat germ, lack covalently linked sugars. 

25 Lectins are similar to antibodies in many respects. 

The combining site of the lectin interacts specifically with 
the carbohydrate-bearing structure, to induce agglutination or 
precipitation. This is similar to antibody-antigen reactions 
because it is very specific and also reversible. In addition, 

30 the interaction can be specifically inhibited by low molecular 
weight haptens which block the combining site. 

The binding site of the lectin is usually smaller than 
that of an antibody. Simple monosaccharides can often inhibit 
lectin interactions, but the smallest fragment which will in- 
hibit precipitation by antibodies is a disaccharide. 
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Other major differences exist between antibodies and 
lectins. Antibodies are glycoproteins secreted by lymphocytes, 
as an elicited response to a foreign stimulus. In contrast, 
the organisms in which lectins originate, are often not able to 
produce an immune response and the lectins are usually present 
as constituent proteins. While the specificity of lectins is 
restricted to simple and complex carbohydrates, antibodies can 
be formed to react specifically with other classes or organic 
compounds, including amino acids, proteins and nucleic acids. 
The antibodies that are formed are structurally similar. This 
is in contrast to the structural diversity observed for lectins 
isolated from various sources. 

In spite of these differences, lectins have often been 
used as models of carbohydrate- specific antibodies and have been 
used to replace them in techniques such as blood grouping. Lec- 
tins are readily. available and are easily purified in gram 
quantities. In addition, the combining site of purified lec- 
tins, unlike that of most immune antibodies, is small and homo- 
geneous . 

The overall carbohydrate specificity of a lectin is 
usually defined by the monosaccharides of oligosaccharides that 
have the strongest inhibitory effect on the lectin-induced ag- 
glutination or precipitation reactions. 

Lectins usually have stringent structural requirements 
for optimal binding. Often the C-3 and C-4 hydroxyl groups of 
sugars appear to play an important role in lectin binding. The 
generality that D-galactose binding lectins do not usually in- 
teract with D-glucose or D-mannose specific lectins and vice 
versa demonstrates the critical involvement of the C-3 hydroxyl 
moiety. 

Although the binding site of most lectins accomodates a 
single glycosyl residue, some lectins have extended saccharide 
binding sites . The peanut lectin ( Arachis hypogoea ) , has a 
binding site complimentary to a disaccharide and the affinity 
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of wheat germ agglutinin ( Triticum vulgaris ) for 3 (1-*- 4) -linked 
D-GluNAc increases for the trisaccharide series of the same 
sugar residue. The orange peel lectin, Madura pomifera (MPA) 
has a binding site characterized by ot(l-*3) GalNAc and Gal. 
Dolichos Biflorus agglutinin binds to a-N-Acetyl-D-Galactos- 
amine residue, and the Soybean agglutinin binds to the a-N- 
Acetyl-D-Galactosamine as well as to the Ga'lactose moieties. 

The binding of lectins to complex oligosaccharides, 
glycoproteins and cells is a more complex phenomenon than that 
seen with simple sugars. Multivalent and secondary nonspecific 
interactions are superimposed on the primary, carbohydrate- 
specific binding. Therefore, the association constants for 
lectin-glycoprotein binding is usually several orders of magni- 
tude higher than those found for monosaccharides. 

Although most studies involving lectins have been in 
vitro , lectins have been used in vivo as carriers for the de- 
livery of ch'emotherapeutic agents to tumors. The lectin which 
has often been utilized as a carrier of antitumor drugs, has 
been concanavalin A. Concanavalin" A (con A) has its own anti- 
tumor activity. It selectively agglutinates and kills some tu- 
mor cells in vitro and can increase the life span of tumor- 
bearing mice. Injection of a con A chemotherapeutic drug com- 
plex was found to be more effective in prolonging survival of 
tumor bearing mice than injection of either the lectin or anti- 
tumor drug alone. Since con A is a powerful mitogen and may 
induce haemorrhagic Arthus-like reaction, hydrocortisone was 
sometimes given concurrently with the con A complexes. 

The peanut ( Arachis hypogoea ) lectin is readily avail- 
able protein, which binds preferentially to oligosaccharides 
containing the terminal sequence 3-D-galactosyl- (1-*- 3) -a-N- 
acetyl-D-galactosamine ( 3DGal (1-+- 3) GalNAc) . This disaccharide 
is reported to be the immunodeterminant group of the Thomsen- 
Friedenreich antigen (T antigen) . The T antigen is present in 
a number of membrane and soluble glycoproteins, but it is nor- 
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mally masked by N-acetyl-neuraminic (sialic) acid residues. 
Therefore, the peanut lectin will only bind to the glycopro- 
teins following exposure of the T-antigen by neuraminidase 
treatment. 

5 The affinity of the peanut lectin (PNA) for the T anti- 

gen, allows this protein to agglutinate neuraminidase- treated 
red blood cells. It was, therefore, designated an "anti-T 
agglutinin" since it gave the same immunological reaction as 
the anti-T antibody of mammalian sera. A special importance 

10 and clinical relevance became associated with the T antigen, 
following its discovery in the cell membranes of human carci- 
nomata. The tumor-associated T specificity has been found in 
the unmasked, reactive form in adenocarcinoma of the breast, 
gastrointestinal and respiratory tract. The expression of the 

15 T antigen on malignant tissue, and not on corresponding benign 
or normal tissue, may represent incomplete synthesis or accel- 
erated degradation. 

Affinity-purified peanut lectin (PNA) has been deter- 
mined to be homogeneous. The intact peanut lectin protein-- ex- 

20 hibits a molecular weight of 110,000 + 10,000 as determined by 
gel filtration and sedimentation velocity. This value was in 
close agreement with a value of 106,500 determined by sedimen- 
tation equilibrium centrifugation. Analysis of the lectin by 
sedimentation equilibrium and also gel filtration under a wide 

25 range of pH and concentration ranges, showed a lower molecular 
weight value of 98,000 + 3,000. Possible reasons for this dis- 
crepancy could be (1) method of extraction leading to slight 
aggregation, (2) higher protein concentrations used (2.5 - 10 
mg/ml) may result in a lower S° 2Q u 69 , which results in a higher 

30 estimate of molecular weight and (3) isolectin variation. 

The peanut lectin has recently been crystallized, for 
x-ray studies, into an asymmetric orthorhombic crystal with 57% 
of the volume being solvent-occupied. It is a relatively 
acidic (pi = 5.95) hydrophilic, and compactly folded globular 
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protein. The lectin is believed to be composed of four identi- 
cal monomers of 24,500-27,000 dalton molecular weight, which 
are non-covalently linked. There are 4 binding sites per mole- 
cule (revealed by equilibrium dialysis) and metal analysis by 
5 atomic absorption analysis indicates that each PNA subunit 

contains one Ca and Mg 2/Zn atom (0.78 mole Mg per sub- 

+2 

unit and 0.11 mole Zn /subunit) . 

The quaternary structure of PNA is pH dependent. As 
the pH is gradually decreased from 4.75 to 3.0, the molecule 

10 reversibly dissociates from a tetramer into a dimer. The 

48,000 dalton species which exists at pH 3 lacks sugar binding 
ability. Denaturing conditions or detergents (sodium dodecyl- 
sulfate) dissociate the intact molecule into its '4 subunits, 
which have identical molecular weights and identical sequencing 

15 for the last five NG2-terminal amino acids. 

The first 40 amino acids of peanut lectin N-terminus 
have been sequenced. It has been found that there is consider- 
able homology between the first 25 and the first 40 residues of 
PNA and several other lectins isolated from legumes (e.g., soy- 

20 bean, lentil and pea) . 

Isolation of lecitns generally begins with a saline or 
buffer extraction of the finely-ground seed meal. The anti-T 
activity was initially discovered in crude saline extracts such 
as these. 

25 As much as 40 per cent of the net weight of peanuts is 

composed of lipid components, some of which may be contained 
in the crude saline extracts. Therefore, a pre-extraction step 
with organic solvents (such as ether or acetone) is often em- 
ployed to remove lipidic or other interfering substances. The 

30 proteins, from the defatted preparation, are then usually 

salted out with neutral salts such as 40-75% ammonium sulfate. 
The precipitate is then collected by centrifugation before 
being redissolved for dialysis and/or ultracentrif ugation. The 
clear supernatant will contain a number of proteins besides the 

OMPI 
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lectin, such as the large molecule weight peanut globulins, 
known as arachin (MWV380 , 000) and conarachin. The lectin can 
be isolated from this protein mixture by conventional protein- 
purification techniques, affinity chromatography or a combina- 
5 tion thereof. 


fication schemes employ affinity chromatography techniques, 
which exploit the specific sugar -binding capacity of the lectin - 
A carbohydrate ligand with which the lectin interacts is insol- 

10 ubilized in some manner, so as to allow for specific adsorption 
of the lectin. The lectin can then be displaced by elution 
with a sugar which is competitive for the same binding site. 
The biospecific adsorbents of lectins may be divided into 3 
major types i (1) native or modified polysaccharides, (2) 

15 matrix-bound glycoproteins, or glycopeptides and (3) matrix- 
bound mono- and di saccharides . They all have in common termin- 
' ally exposed galactose or lactose residues to which the peanut 
lectin can be specifically and reversibly bound. The immuno- 
determinant disaccharide (0-D-Gal (l->3)-a-D-GalNAc) of the T 

20 antigen has recently been synthesized by Chembiomed Ltd of 

Edmonton, Alberta, Canada into an immunoadsorbent form. Any 
conventional method for separation and purification of PNA, 
MPA, SBA and DBA can be utilized to produce the lectins employed 
in this invention. 

25 This invention is suitable either for in vitro or in 

' vivo testing. 


emitters, x-ray emitters and fluorescence-emitters are suitable 
for localization and/or therapy, while beta-emitters and alpha- ? 
30 emitters may also be used for therapy. Suitable radioisotopes 

for labelling antibodies include Iodine-131, Iodine-123, Iodine- ? 
126, Iodine-133, Bromine-77, Indium-Ill, Indium-113m Gallium-67, 
Gallium-68, Ruthenium-95 , Ruthenium-9 7 , Ruthenium- 10 3, Ruthen- 
ium-105, Mercury-107, Mercury-203, Rhenium- 9 9m, Rhenium-105, 


Virtually most of the other contemporary lectin-puri- 


Among the radioisotopes used, gamma-emitters, positron- 
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Rhenium-101, Tellurium-121m, Tellurium-122m, Tellurium- 12 5m, 
Thulium-165, Thulium-167 , Thulium-168, Technetium- 9 9m , Fluorine- 
18, Astatine-211, Copper-67 and Copper— 64. The halogens can be 
used more or less interchangeably as labels since halogen- 
5 labelled antibody fragments and/or normal immunoglobulin frag- 
ments would have substantially the same kinetics and distribu- 
tion and similar metabolism, 

A preferred radiolabel is either radioactive iodine, 
e.g., 1-131, 1-123, 1-125 or technetium- 9 9m. A preferred label- 

10 ling technique utilizing radioiodine involves labelling with 

either Iodine-131 (1-131) or Iodine-123 (1-123) using an oxida- 
tive procedure wherein a mixture of radioactive potassium or 
sodium iodide and the lectin is treated with chloramine-T. 
This results in direct substitution of iodine atoms for hydro- 

15 gen atoms on the lectin molecule, depending on the proportions 

of reagents .and the reaction conditions. Alternatively, lacto- 

peroxidase iodination may be used. The radioiodinated lectin 

may also be prepared through the addition of labelled halide . 

TM 

to a tube which was previously coated with Iodogen and which 
20 contains a solution of the lectin. After the appropriate in- 
cubation period, the solution mixture is removed and the unre- 
acted free iodide is separated from the labelled lectin. 

The technetium- 9 9m labelled lectin or its derivatives 
can be prepared by acidic, basic or neutral (ligand-exchange) 
25 radiolabelling techniques. In one particular and preferred 
aspect of this invention, the labelled lectin or its deriva- 
tives is obtained via a ligand exchange process. In this pro- 
cess, a solution of Technetium (IV) is prepared by mixing a 
solution of Technetium such as in the form of a pertechnetate 
30 (TcO^) and saline with a stannous reducing solution, e.g., 

stannous fluoride-acetate having a pH between about 3 and 5.5. 
In this procedure, the stannous ions reduce Technetium (VII) 
to Technetium (IV). The reduced Technetium- 9 9m first is che- 
lated onto the top of a column of Sephadex G-25 (dextran cross- 
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linked with carboxy functionality) by passing the aqueous so- 
lution of Technetium- 9 9m through the column. The solution has 
a pH between about 5.5 and 7.0. The column then is wahsed with 
saline to essentially remove free Pertechnetate (TcO~) or un- 
5 usual species of Technetium thereby leaving the Technetium- 9 9m 
chelated or adsorbed or otherwise bound to the column. A 
physiologic solution of the lectin or its derivatives is then 
prepared with appropriate buffer so that the resultant solution 
has a pH between about 6 and 9, preferably between about 7 and 

10 8. When operating within this pH range, denaturation of lectin 
is eliminated or minimized. The lectin or its derivatives is 
then added in a minimum volume to the top of the column where 
the Technetium- 9 9m/Stannous complex is bound and where it is 
allowed to stand until the Technetium- 9 9m is bound to the pro- 

15 tein having stronger bonding sites than the column material. 
This usually occurs within about 30 minutes. The column then 
is washed to remove the labelled lectin or its derivatives. 
Washing can be effected with a known volume of human serum 
albumin diluted with 50/50 ACD or the like followed by a known 

20 volume of saline. In this manner, the volume or washing saline 
solution containing the labelled protein can be determined and 
the labelled protein can be collected. Impurities in the lec- 
tin will remain on the column or will be eluted at a rate dif- 
ferent from that of the labelled, immunologically intact lec- 

25 tin or lectin derivative. 


of the protein. In this method, a buffered solution is admixed 
with an acidic solution of SnCl 2 which is a reducing agent for 
pertechnetate. The buffered solution can comprise sodium and/ 
or potassium phthalate, tartrate, gentisate, acetate, borate 
or mixtures thereof having a pH of between 4.5 and 8.0, prefer- 
ably about 5.5. Tartrate is utilized to maintain the appropri- 
ate concnetration of stannous ion in solution to effect the 


A second preferred method for forming Technetium-99m 
labelled lectin or its derivatives comprises direct labelling 
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desired solution pH. The SnCl 2 preferably is added to the 
buffer as a solution with concentrated HC1. Thereafter, the 
solution is neutralized such as with sodium hydroxide to at- 
tain a pH of between about 4.5 and 8.0, preferably about 5.5. 
5 The lectin or its derivatives then is added to the neutralized 
solution in an amount to attain a concentration of protein up 
to just less than that which would begin to precipitate the 
protein in the buffer being used. In order to attain the de- 
sired degree of protein labelling, the resultant stannous ion, 

10 buffer, protein solution is allowed to incubate. For example, 
at room temperature, the incubation time should be at least 
about 15 hours, preferably at least about 20 hours. If de- 
sired, this solution can be heated moderately to reduce the 
incubation time. The solution then can be either freeze-dried 

15 and subsequently reconstituted for admixture with pertechnetate 
or can be admixed directly with pertechnetate solution to ob- 
tain the labelled protein. If desired, the resultant radio- 
labelled protein may be further purified to separate the label- 
led protein from free technetium such as by chromatography in a 

20 Sephadex column. However; this last step is unnecessary. 


user can prepare the technetium-labelled composition of this in- 
vention and administer it to a patient relatively quickly after 
preparation. The kit includes the lectin or its derivatives 

25 either in lyophilized form, frozen or liquid of suitable ionic 
strength and pH, and either containing or not containing a 
reducing agent. If without the reducing agent, the lectin can 
be admixed with a reducing solution or solid provided within 
the kit and in a separate container. Representative, suitable 

30 reducing agents are SnCl 2 or SnF 2 to be dissolved or already 
dissolved in an appropriate solution, such as sodium acetate/ 
acetic acid, acidified deionized or distilled water, or the 
like, such that a reducing pH of about 3 to 5.5 is obtained 
when combined with Technetium- 9 9m as Sodium pertechnetate. 


The present invention also provides a kit with which a 
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Therefore, Technetium- 9 9m as pertechnetate is either reduced 
in the presence of reducing agent prior to addition of the 
lectin or is reduced when added to the lectin containing re- 
ducing agent. The solution of labelled lectin is then suit- 
5 able for administration to a patient. 

In an alternative embodiment of this invention, the 
kit can include a container for a column of material which en- 
traps or otherwise binds Technetium- 9 9m such as Sephadex, Sepha- 
rose or cellulose. The column of this material also can con- 
10 tain the reducing agent for technetium or the reducing agent 
can be added thereto when it is desired to reduce the techne- 
tium. 

In forming the technetium products of this invention, 
a solution of the technetium-99m as the pertechnetate is poured 

15 onto the column in order to bind the technetium thereon. A 
physiologically acceptable aqueous solution of the lectin or 
its derivatives then is poured onto the : column in order to 
bind the technetium to the lectin. The labelled protein then 
is eluted from the column with saline or -an otherwise appropri- 

20 ate buffer and is collected from the bottom of the column in a 
form suitable for intravenous administration to a patient. In 
an alternative embodiment, the eluted labelled protein is 
passed through a bed of anion exchange resin in order to remove 
free pertechnetate from the labelled protein, thereby to form 

25 a pure technetium-labelled lectin thereof, substantially free 
of radiochemical contamination. If desired, these anion ex- 
change resins need not be part of the columns utilized for 
labelling, but can comprise a separate bed through which the 
labelled protein is passed. 

30 The labelled lectin or its derivatives is administered 

by intravenous injection in a pharmaceutical^ acceptable sa- 
line solution, sterile and pyrogen- free. Suitable dosages are 
usually between about 1 and 10 millicuries, preferably between 
about 2 and 10 millicuries of technetium- 9 9m lectin for the 
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normal 70 kg patient. The patient then can be scanned by con- 
ventional scintigraphy within about 1 hour to about 6 hours 
after administration of the labelled protein. Tumors are lo- 
cated in those areas showing a high concentration of labelled 
5 lectin. 

The following example' illustrates the present inven- 
tion and is not intended to limit the same. 

The lectin derivatives may consist of conjugates in 
which either poly lysine or polyglutamic acid or other amino 
10 acid residues of various molecular weights (500-50,000) are 

attached to the lectin molecule via a peptide bond. To these 
residues either radionuclides or other therapeutic agents can 
be attached to the lectin. Conceptually, the final molecule 
is as follows : 
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Ethylenediaminetetraacetic acid (EDTA) can be utilized rather 
than DTPA as the linking agent. 
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Example I 

This example illustrates the significantly increased 
specificity of peanut lectin for the Thomsen-Friedenreich (T) 
antigen which is a cell marker on many human adencarcinomata 
5 as compared to antibody to T antigen. 

A. ' Preparation of Protein Solution 

1. Anti-T IgG (rabbit) 

The anti-T immunoglobulins used in these studies were 
10 provided by ChemBiomed, University of Alberta. An artificial 
T antigen, produced by coupling the synthetic T disaccharide 
to BSA (Ratcliffe et al, Carbohydr. Res., 95:35, 1981), for 
the immunization of rabbits. Following production of the high 
titre sera in the animals, anti-T IgG was affinity purified on 
15 an immunoadsorbent, also prepared from the synthetic T hapten. 

The rabbit anti-T solution was provided at a concentra- 
tion of 1.34 mg/ml in PBS (= phosphate buffered saline), (Gibco 
0.01 M phosphate buffer in 0.15 M sodium chloride, pH 7.4). 

2. Non-specific Rabbit IgG; intact and F(ab')2 Fragment 
20 Chromatographically purified rabbit IgG was obtained 

in a lyophilized form with 0.1% azide preservative and was re- 
constituted with glass distilled water to a concentration of 
25 mg/ml. The azide preservative was removed by 3 successive 
concentrations on an Amicon B-15 macrosolute concentrator 

25 (Amicon Corp., MA). Dilution with 0.4 M borate buffer, pH 7.4, 
was carried out between each concentration step. The protein 
and one wash solution were removed from the concentrator, added 
to 25 mg T immunoadsorbent (ChemBiomed, University of Alberta) 
and mixed by rotation gently for 2 hours at 4°C. The superna- 

30 tant protein and a 0.4 M borate buffer wash of the T-sorb were 

aseptically passed through a 0.22 uM Millex-GS filter (Millipore 
Corp., Bedford, MA) into a sterile vial. The sterile IgG solu- 
tion was aliquoted into sterile autoclaved ampoules and then 
sealed on a Cozzoli sealer before being stored at -15 °C. 
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The rabbit F(ab') 2 I 9 G was purified in a similar manner 
as the intact IgG although in 1 to 6 mg lots. The Millipore 
filtered protein was aliquoted into sterile Falcon tubes (Can- 
Lab) , stored at 4°C and used within 2-4 weeks. 
3. Peanut Agglutinin 

The peanut lectin was obtained from E.Y. Lab (San Mateo, 
CA) in salt- and sugar- free lyophilized form. The protein had 
been affinity purified (lactose-sepharose 4B column) to a pure 
single band on polyacrylamide disc gel electrophoresis. 

The PNA was reconstituted with sterile PBS in a sterile 
Falcon tube to 1 mg/ml and passaged numerous times through a 26 
gauge needle to break up the aggregates. The protein solution 
was then passed through a 0.22 u Millipore filter before being 
placed in a previously autoclaved (121°C x 20 minutes) 1 cm UV 
cell (Thermal Syndicate Ltd. , England) . Optical density was 
measured at 280 run in comparison to a PBS blank and the protein 
concentration was determined as described later. The solution 
was stored at 4°C, for no longer than two months. 

B. Quantitative Protein Analysis 

1. Rabbit IgG: Intact and F(ab')? Fragment 

The protein concentration of the initially reconsti- 
tuted antibody preparations was determined by a modification 
of the Folin-Phenol procedure (Lowry et al, J. Biol. Chem. , 
193:265, 1951 and Miller, Anal. Chem., 31:064, 1959). A stand- 
ard curve of absorbance versus antibody concentration was pre- 
pared using nonspecific IgG immunoglobulin (Cappell Lab.). 

The copper reagent was prepared freshly and consisted 
of: 1 part 1% W/V copper sulfate (CuSo 4 ' 5H 2 0) , 1 part 2% W/V 
aqueous sodium potassium tartrate and 20 parts 10% W/V sodium 
carbonate in 0.5 N sodium hydroxide. One ml of the copper re- 
agent was added to one ml of the protein sample and following 
thorough mixing, it was incubated at room temperature for 10 
minutes. Three ml of a 1:11 distilled water dilution of the 
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Folin-Phenol reagent (Fischer Sci. Co., Fair Lawn, NJ) was then 
added, thoroughly mixed and incubated at 50 °C for 10 minutes. 
The absorbance of the solutions was read at 640 nm on a Unicam 
SP1800 Spectrophotometer (CanLab) using a blank prepared in the 
same manner, but substituting PBS for the protein solution. A 
standard curve of increasing protein concentrations, from 1 ]ig/ 
ml to 200 jig/ml, against optical density was then used to deter- 
mine the sample concentration. 

Separate standard curves were prepared for both the in- 
tact and F(ab') 2 fragment of IgG proteins using the same re- 
spective immunoglobulins (but nonspecific IgG) as standards. 

The protein concentration of the antibody solutions 
was also determined by ultraviolet absorption at 280 nm. The 
absorbance of the solutions, against a saline blank, was deter- 
15 mined on a Unicam SP 1800 UV Spectrophotometer. The concentra- 
tion of the immunoglobulin solutions was . calculated by means of 

the absorbance coefficients of Et =14.6 for intact rabbit 

is- 1 cm 

IgG and E 1 ° cm =14.8 for F(ab') 2 fragment IgG . 

2. Peanut Lectin 
20 Optical density, at 280 nm, was also used for determin- 

ation of peanut lectin concentrations, using the method de- 
scribed for antibody preparations. An absorbence coefficient 

15 69 

of E l cm = 9,6 was used to convert absorbence readings to a 
concentration value. 


25 


30 


C. Radiolabelling of Proteins 

1- Quality Control of Radioiodine Solutions 

lie 

The radionuclidic purity of Na I solutions (Iodina- 

tion grade, AECL) was confirmed using a 50 kBq aliquot in a 

Nal(Tl) well crystal and a multichannel analyzer (Canberra, 

Series 40 MCA) and comparing the gamma spectra obtained to that 

of a published standard (J. Radioanal. Chem. , 65:341, 1981). 

IPs 

The radxochemical purity of the Na I was confirmed 
using instant thin layer chromatography. Twenty kBq was spotted 
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on Gelman silica gel, instant thin layer 20 cm strips, air 

dried and developed in an 85% methanol in water solvent system. 
A chromatogram scanner was used to analyze the strips for dis- 
tribution of radioactivity. 

2. Radioiodination Procedures 

a) Protected Anti-T IgG Immunoglobulin 

Anti-T rabbit IgG immunoglobulin was prepared by 
ChemBiomed, University of Alberta. Anti-T IgG (180 ug) was 
placed in a 3 ml vial with 60 mg T-sorb (ChemBiomed) and 1 ml 
0.5 M phosphate buffer, pH 7.2. This mixture was gently rotated 
for 2 hours at 4°C. The T-sorb was washed (3x) with 1 ml ali- 
quots of 0.5 M phosphate buffer. Following removal of the final 
wash, the T-sorb-bound anti-T was labelled, in 1 ml of PO^~ 

buffer, by a modified iodine monochloride method (Samols et al, 

125 

Nature, 190:1211, 1961). Three to six yl of Na I (iodinatxon 

grade, AECL) was added and the mixture was gently agitated for 

30 seconds before the addition of 25 ul of a 1:50 dilution of 

stock iodine monochloride solution (2.4 x 10 3 M) . The iodina- 

tion of the T-sorb-bound antibody was stopped 3 minutes later. .- 

In initial labelling experiments, 25 yl of fixing solution 

(0.16 M Na 2 S 2 0 3 and 0.012 M KI) was added to stop the reaction. 

The supernatant was removed and 4 washes of the labelled anti- 

body-T-sorb complex were carried out with PBS. The anti-T was 

eluted off the T-sorb with 400 yl of 2% NH^OH and then returned 

to physiological pH; (7.2 - 7.4) with saturated KH-PO. . The 

R 

labelled antibody was then either concentrated on an Amicon 
concentrator or purified on a Sephadex G-25 M prepacked PD-10. 
column (Pharmacia, Sweden) ; both of which were pre-equilibrated 
with 1.5% bovine serum albumin (Sigma, St. Louis), 
b) Nonspecific IgG Immunoglobulin 

100 yg of purified rabbit IgG immunoglobulin was 
labelled with (iodination grade, AECL) also by the iodine 

monochloride method. The protein was mixed with 3 yl Na 13 ^"I 
and 1 ml 0.5 M phosphate buffer for 30 seconds. The reaction 
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was initiated upon the addition of 25 yl of a 1:50 dilution of 
the stock IC1 solution and terminated 3 minutes later with 25 
yl fixing solution. The labelled protein was separated by gel 
filtration on a Sephadex PD-10 column eluted with PBS. 
5 c) Peanut Lectin and F(ab')2 Nonspecific IgG 

300 ]il of PNA (0.3 mg/ml in PBS) was buffered with 
20 ul of 0.5 M phosphate buffer, pH 7.4, in a 3 ml Reacti-Vial. 

lie 

Followxng the addition of 3-6 ul Na (3.7 MBq/yl, iodination 
grade, AECL) , the reaction was initiated by adding 30 ul of 
10 Chloramine T (1 mg/ml in 0.05 M phosphate buffer, pH 7.4). 

The reaction was terminated 30 seconds later, by the addition 
of 60 ul sodium metabisulf ite solution (1.2 mg/ml in 0.05 M 
phosphate buffer) . In biodistribution studies utilizing 
F(ab*) 2 simultaneously with PNA, 100 ul (1 mg/ml) of each pro- 
15 tein solution was placed in 0.3 ml Reacti-Vials . The F(ab') 2 
fragment and PNA were then labelled with 1-131 and 1-125, re- 
spectively, as outlined above. A Bio-Gel P-6DG column was used 
to remove free iodide. - 

3. Separation of Unreacted Free Iodide 
20 a) Gel Filtration Media 

i) Sephadex G-25 in PD-10 columns 

Disposable prepacked PD-10 R columns of Sephadex 
G-25 medium were obtained from Pharmacia Ltd. and used for pur- 
ification of radiolabelled proteins in anti-T studies. These 
25 columns have a bed volume of about 9 ml and a void volume for 
proteins of about 2.5 ml. 

ii) Bio-Gel P-6DG 

Bio-Gel P-6DG R (Bio-Rad Lab, Mississauga, Ont.) 
is a desalting polyacrylamide gel with an exclusion limit of 
30 about 6000 caltons. The gel was hydrated by incubating it over- 
night at room temperature in PBS. Twice as much PBS was used 
as the expected packed volume of 8 ml/gram Bio-Gel P-6DG. The 
column used in initial PNA experiments was a PD-10 column from 
which the Sephadex was removed. To improve resolution, a 
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15 


20 


25 


30 


longer column, of about 11 ml packed bed volume, was prepared 
p 

in a Pharmacia 9 mm x 300 mm column. 

b) The Separation Procedures 

To prevent nonspecific adherence, 0.5 ml of 1% BSA 
in PBS was passed through the columns before application of 
radiolabelled proteins. The protein mixture (antibody or lec- 
tin) was layered on top of the bed surface and allowed to drain 
in, before PNS was added to wash the sample into the bed. The 
eluting PBS was added at a flow rate of about 0.4 - 0.5 ml per 
minute. The eluate was monitored for both protein and radio- 
activity. A flow-through ultraviolet photometer (LDC Duo Moni- 
tor) was set at 280 nm to detect protein absorbence in compari- 
son to the PBS buffer in a paried UV cell. The thin polyethyl- 
ene cannula, carrying the eluate, also passed across the face 
of a shielded 3" x 3" Nal(Tl) crystal detector attached to a 
single channel analyzer. A dual-pen Fisher Recordall 5000 re- 
corder was used to record the simultaneous detection of radio- 
activity and protein optical density. 

4 . Determinations of Labelling Yield and Radiochemical 
Purity 

a) Trichloroacetic Acid (TCA) Precipitation 
Aliquots of reaction mixtures were taken before and 

after purification procedures and diluted to 1 ml with 1% BSA 
in PBS. Following the addition of 1 ml of 20% TCA, the dena- 
tured protein mixture was mixed on a vortex mixer and then 
centrifuged at 500 rpm for 10 minutes. After removal of- the 
supernatant, the precipitate was redispersed in 20% TCA before 
a second centrifugation (500 rpm x 10 minutes) was performed. 
The initial amount of radioactivity added had been assayed and 
following separations, the activity in the supernatants and the 
precipitate was determined in an automatic gamma well-counter. 

b) Instant Thin Layer Chromatography (ITLC) 

Ten or twenty micro-litre aliquots from the reac- 
tion mixtures and purified protein were spotted on silica gel 
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instant thin layer strips and dried. The chromato grams were 
developed to approximately 15 cm in 85% methanol in water and 
then cut into 1 cm strips and assayed for radioactivity on a 
Beckman 8000 gamma spectrometer. 

c) Gel Filtration Fractionation 

A radioactivity elution profile was obtained dur- 
ing the gel filtration separation of unreacted radioiodide from 
radiolabeled protein. This provided information on the rela- 
tive distribution of radioactivity in the reaciton mixture. 
Analysis was carried out by either determining the area under 
the elution profile curves or by totalling the radioactivity of 
the fractions composing the salt or protein peaks. Nonspecific 
losses of radioactivity on the column were assumed to be loss 
of labelled protein, rather than free iodide. 
I 5 5- Radiochemical Stability of Iodinated Peanut Lectin 

The rate of hydrolysis of 1-125 from radiolabeled pea- 
nut lectin was determined. Fifteen ug of PNA protein was label- 
led by the iodine monochloride method utilized for the radio- 
iodination of IgG (as described in section C2b) and 15 ]ig was 
20 labelled by the Chloramine-T method (section C2c) . Free unre- 
acted iodide was removed from both labelled products by gel 
filtration with a polyacrylamide Biogel R P-6DG (Bio-Rad Lab, 
Richmond, CA) - packed 9 mm x 300 mm column which had been pre- 
equilibrated with 1.5% BSA. Protein fractions were collected 
25 in BSA precoated falcon tubes and then stored at 4°C. 

Three 100 yl samples of each labelled protein were 
taken 0, 1, 2, 3, 4, 5, 6, 7, 10, 14 and 17 days following 
radioiodination and mixed with 900 yl 1.5% BSA in PBS. One ml 
of 20% trichloracetic acid (TCA) was added to precipitate the 
protein, followed by centrifugation (500 rpm x 10 min.). 

The initial mixture and the separated precipitate and 
supernatant were analyzed for radioactivity on a Beckman 8000 
gamma counter employing the 1-125 dpm program. The percentage 
of radioactivity which was TCA precipitated was calculated by 
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dividing the counts in the precipitate by the stun of activity 
in the precipitate and supernatant. 

D. Tumor Cell Culturing 
5 1. Preparation of Tissue Culture Media 

Five hundred ml of sterile fetal bovine serum was heat- 
inactivated, by a one hour water bath incubation at 57°C, and 
then aseptically aliquoted into 50 ml samples before storage 
at -20 °C. RPM1 1640 medium (500 ml) with L-glutamine and 25 
10 mM HEPES buffer was aseptically supplemented with a 50 ml ali- 
quot of heat inactivated fetal calf serum and 5 ml of 200 mM 
L-glutamine. The tissue culture media were stored at 4°C and 
used within 3 months. 

2. Tumor Cell Culturing Procedures 
15 All tumor culture procedures were carried out in a 

laminar flow hood which had been previously exposed to germi- 
cidal UV light and scurbbed with 70% isopropyl alcohol. 

Suspension cultures of the mouse tumor cell lines RI 
lymphoma, EL4 lymphosarcoma and BW5 lymphoma were maintained in 
20 a carbon dioxide incubator at 37 °C and a C0 2 concentration of 
4-5%. To determine cell concentrations, aliquots were asep- 
tically withdrawn from the cell suspensions and spotted onto a 
prepared hemocytometer and cells were counted at 150 X micro- 
scopic magnification. In viability determinations, trypan blue 
25 was added to the culture aliquot before microscopic examination 
and the percentage of cells which excluded dye was calculated. 

The mouse tumor cell lines were subcultured every 2 or 
3 days. Tissue culture media was preheated to 37°C in a sero- 
logical water bath. Cells (1 - 5 x 10 5 ) were inoculated into 

2 

30 10 ml of preheated culture media contained in 25 cm sterxle 

tissue culture flasks. The cells were recultured before a max- 
imum cell concentration of 10 cells/ml was reached, in order 
to ensure log phase growth. Disposable serological borosili- 
cate pipettes which were utilized for subculturing, were im- 
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mersed in a bleach solution following use and culture flasks 
and tubes were autoclaved before disposal. 

E- In Vitro Tests of the Biological Activity of Radioiabelled 
5 Proteins 

To prevent nonspecific adherence and protein losses in in 
vitro studies, tubes were pre-coated with bovine serum albumin 
(BSA) . Three ml aliquots of 3% BSA in PBS solution were added 
to each 12 x 75 mm plastic tube, followed by incubation for 
10 one hour at 37°C and then for an additional 24 hours at 4°C. 
The BSA solution was removed and the tubes rinsed once, with 
3 ml PBS. Tubes were capped and stored at 4°C until use. All 
binding studies were done in tubes precoated with BSA. 

1. Studies with Neuraminidase-Treated Red Blood Cells 
15 N'RBC 

a) Neuraminidase treatment 

The T antigen in human red blood cells was exposed 
by neuraminidase treatment. Red blood cells were collected 
from the defribinated blood of a group 0, rhesus negative donor 

20 and used within 2 days of collection. A 2% (V/V) suspension of 
packed red blood cells in PBS was incubated for 45 minutes at 
37°C with Vibrio cholerae neuraminidase {Gibco Ltd.) , at a 
final concentration of 5 units/ml. Saline replaced neuramin- 
idase treatment, cells were washed by centrifugation (4x) with 

25 PBS and resuspended to a concentration of 2% (V/V) . 

b) Hemagglutination titre to N'RBC 

Serial dilution, of radioiabelled and unlabelled 
lectin, were carried out with PBS in BSA-precoated tubes. 
Equal volumes (100 ul) of diluted lectin and N'RBC were mixed 
30 and incubated at 4°C for 30 minutes. The mixtures were then 
centrifuged (500 rpm x 5 minutes) , gently resuspended and ex- 
amined visually for hemagllutionation. 

c) Binding studies to N'RBC 
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One ml of 2% RBC, or serial dilutions of a 2% sus- 
pension, and one ml of control RBC were placed in separate BSA- 
precoated tubes. The cells were incubated for 10 minutes at 
room temperature with 1% BSA in PBS. Following centrifugation, 
5 (500 rpm x 5 minutes), the supernatant was removed and 100 ul 
of diluted radiolabeled antibody or peanut lectin was added 
to the cell pellets. The mixtures were resuspended, counted 
for total radioactivity and incubated on ice for 30 minutes. 
Three washes were performed with 1% BSA in PBS before the final 

10 pellet was recounted for bound radioactivity. 

The specificity of binding was assured by inhibi- 
tion of binding in the presence of galactose. For these con- 
trols, both the 1% BSA preincubation step and the added radio- 
labelled protein contained 0.1 M galactose. The 1% BSA used 

15 for washing (post- 125 I-PNA incubation) contained 0.02 M galac- 
tose. 

2. Studies with Synthetic Carbohydrate Immun oadsorbents 
Carbohydrate immunoadsorbents were obtained from Chem- 
Biomed Ltd. These "synsorbs" are composed of various mono-, 

20 di- or trisaccharides which are covalently linked by a 9 carbon 
2-deoxy-3-0- ( B-D-galactopyranosyl) -a-D-galacto pyranoside) im- 
munoadsorbent was synthesized by the process of Ratcliffe et al 
(Carbohydr. Res., 9_3:35, 1981). The solid support of the immu- 
noadsorbent was used as a control. 5 mg of both the T-sorb and 

25 synsorb blank were incubated with 0.5 ml 1.5% BSA for 10 minutes 
on BSA precoated tubes. Following removal of the BSA solution, 
100 ul of diluted radiolabeled antibody or peanut lectin was 
added and the total content of radioacitvity was determined. 
The synsorb mixtures were incubated, with gentle rotation, at 

30 4°C for one hour. Three washes were performed with 1.5% BSA in 
PBS before the immunoadsorbents were counted for bound radioac- 
tivity (1-125 dpm program Beckman 8000) . 

b) Study of carbohydrate-specificity of PNA 


CMPi 

\vi:-o 

^\'ATlO 


*5 


WO 85/01442. 


PCT/US83/01395 


-30- 

To determine the specificity of binding, immuno- 
adsorbents prepared from other carbohydrates were incubated 
with 1-125 PNA. Twenty mg of the various immunoadsorbents were 
weighed out into BSA precoated tubes. The synsorbs were incu- 
bated with 0.5 ml 1.5% BSA for 10 minutes, before 100 ul of 
125 

I-PNA (30 kBg/0.6 ug PNA in 100 ul PBS) was added. 

The mixtures were incubated for 45 minutes at 4°C 
with continuous gentle agitation. The supernatant was removed 
and 3 washes of the synorbs were performed, using a 0.15% so- 
lution of BSA in PBS. Each synsorb was tested in triplicate. 
The bound radioactivity was determined on the Beckman 8000 
gamma counter using the 1-125 dpm program. 
3. Binding to Tumor Cells 

RI, EL 4 or BW5 cells, which excluded trypan blue in 
excess of 95% and were in the log pahse of growth, were used 
to test the binding of the radiolabeled antibodies or lectin. 
Aliquots containing 2 - 10 x 10 6 cells were added to BSA-pre- 
coated tubes along with 0.5 ml 1.5% BSA. The supernatant solu- 
tion was removed following centrifugation (500 rpm x 5 min) and 
100 ul of radiolabelled antibody or lectin was added to the pel- 
let. The tumor cell pellets were resuspended in the radiolabel- 
led protein solutions and the total added radioactivity was de- 
termined before the mixtures were incubated on ice for one hour. 
Cells were washed (3x) with tissue culture media before the 
final supernatant was removed and the pellet recounted for bound 
radioactivity. The specificity of binding was assured by inhi- 
bition of binding in the presence of galactose in a manner sim- 
ilar to the N'RBC cell studies. 

F - Methods of Determining the In Vivo Biodistribution of Radio- 
labelled Antibodies and Peanut Lectin 
1. Mouse Tumor Models 

Six to eight week old male mice of the CBA/CAJ and C57- 
black strains, weighing generally between 20 and 25 grams, were 
housed in groups of 5 or 6 animals per cage and maintained on 
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standard laboratory chow (Wayne Lab-Blox, Chicago, IL) and 
tap water (ad libitum ) . 

Tumor cells used for inoculation were determined to be 
greater than 95% viable by the trypan blue exclusion test. 
Following determination of the cell concentration, the suspen- 
sion was centrifuged at 500 rpm for 5 minutes and resuspended 
in culture media, to the required concentration. The desired 
number of cells, generally 2 - 5 x 10 5 cells, was drawn up in 
syringes, in an aseptic environment, in the laminar flow hood. 
The mice were inoculated with a 0.1 or 0.2 ml subpannicular in- 
jection, in the dorsal region. RI lymphoma cells were used in 
CBA/CAJ mice and EL4 lymphosarcoma cells were used in 57/Black 
mice. 

Tumors were allowed to grow for 10-14 days, before the 
animals were utilized for biodistribution or imaging studies 
of the radiolabelled protein. Lugol's solution (5 drops per* 
200 ml) was added to the drinking water commencing 2 days prior 
to injection of the radiolabelled product and continued until 
'termination of the studies. 

2. Biodistribution Studies in Tumor Bearing Mice 

Tumor bearing mice were injected i.v. , via the the tail 
vein, with 0.1 or 0.2 ml of the radioiodinated antibodies (anti- 
T specific or nonspecific IgG, intact or F(ab') 2 fragment) and/ 
or peanut lectin. In dual label experiments, the nonspecific 
protein (IgG? intact or F(ab') 2 ) was labelled with 1-131 and 
the specific protein (anti-T IgG or peanut lectin) was labelled 
with 1-125). In single label experiments, the 1-125 isotope 
was used. 

The relative amount of radioactivity injected into each 
animal was determined by counting the syringes before and after 
injection, on a whole body counter. Three extra doses were 
prepared in syringes and counted on a whole body counter before 
and after being used to prepare 1:50 dilutions. Aliquots of 
0.5 ml of these dilutions served as injection standards to cor- 
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relate injection dose to the radioactivity determined for tissue 
samples . 

The mice were etherized and then sacrificed by cardiac 
puncture/exsanguination at time periods such as 3, 8, 24 and 
48 hours following injection. The tissues of interest were ex- 
cised in their entirety, blotted free of blood and were weighed 
directly in tared plastic counting tubes. The remaining car- 
cass, tail (injection site), a portion of the trachea with the 
thyroid, Were also placed in counting tubes but not weighed. 

Samples, along with the diluted injection standards, 
were assayed for radioactivity on a programmable automated Nal 
gamma well counter. In studies involving only a 125 I-labelled 
protein, the coincidence method was used for absolute determin- 
ation of 125 i radioactivity. In dual label experiments, a 
spill-over correction was employed to correct for counts occur- 
ring in the 125 x window due to 13 "*T radioactivity. 

The percentage of radioactivity per gram tissue or en- 
tire organ was calculated on the basis of the injected activity 
and as a percentage of the activity remaining in the body at 
time of dissection. Tissue ratios such as tumor: blood and 

tumor rmuscle were calculated on a per weight basis. 
125 

a) I-PNA in CBA/CAJ mice with RI tumors 

Male CBA/CAJ mice of about 25 g weight were inocu- 
lated s.p. in the right flank with 5 x 10 5 RI lymphoma cells. 
Eleven to fifteen days following inoculation, the tumor-bearing 
mice received a 0.2 ml caudal i.v. injection of 50 kBq 125 I-PNA 
(185 kBq/^g) . Between. 7 and 8 mice were sacrificed at each 
time period of 3, 8, 24 and 48 hours following injection and 
analyzed for 1-125 radioactivity as described earlier. 

b) Paired-label studies 

i) Anti-T vs. IgG in CBA/CAJ mice with RI tumors 
CNA/CAJ mice were inoculated s.p. with 6 x 10 5 
cells over the right flank, 9 days prior to use in biodistribu- 
tion studies. Anti-T antibodies were labelled, as described, 
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to a specific activity of 2 MBq/ug with 1-125 and concentrated 
on an Amicon Concentrator. TCA precipitation of the protein 
solution revealed that 91.5 + 1.3% of the radioactivity was 
protein bound. Nonspecific IgG antibodies were labelled to a 
specific activity of 7.5 MBq/yg with 1-131 and purified on a 
Sephadex PD-10 column. 99.11 + 0.06 of an aliquot of the de- 
salted preparation was precipitated during TCA analysis. Mice 
were injected i.v. with a simultaneous injection of 10 MBq 
anti-T and 8 MBq IgG. Animals were dissected at 2, 4, 8, 24 
and 48 hours following injection. Tissue samples were analyzed 
for 125 I and 131 I radioactivity. 

ii) PNA vs. F(ab') 2 in CBA/CAJ mice with RI tumors 
r and C57-BL mice with EL4 tumors 

CBA/CAJ mice were inoculated with 5 x 10 5 RI cells 

5 

and C57 black mice were inoculated with 6 x 10 EL4 cells, 10- 
12 days prior to biodistribution studies. A .0.2 ml i.v. tail 

injection containing 3 MBq I-PNA (165 kBq/yg) and 3.5 MBq 

131 

I-F(ab') 2 1 9 G fragment (150 kBq/yg) was given to the tumor 
bearing mice. TCA precipitation and ITLC (85% methanol in 
water) analysis revealed that 96.12 + 1.32% and 95.92 + 1.49% 
of the 1-131 and 1-125, respectively, was protein bound. Four 
to six mice were dissected at each of the time periods of 24 
and 48 hours for. the biodistributuon studies in CBA/CAJ - RI 
bearing C57/B1-EL4 bearing mice. Additional CBA/CAJ mice were 
dissected at 8 and 72 hours. The samples and standards were 
analyzed for 1-131 and 1-125 radioactivity as described earlier. 
3. Analysis of Plasma Samples from Biodistribution Studies 
When the biodistribution study blood samples were taken 
by cardiac puncture, an aliquot was also placed in 1.5 ml 
Eppendorf centrifuge tubes. Following centrifugation (12,800 
rpm x 2 min) , a 200 yl aliquot of plasma was transferred to 
another Eppendorf centrifuge tube and 200 yl of 20% trichloro- 
acetic acid (TCA) was added, mixed on a vortex-mixer and cen- 
trifuged. The radioactivity in the precipitated protein and 
supernatant was determined with a Beckman 8000 gamma counter. 
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4. Whole Body Gamma Camera Imaging 

CBA/CAJ mice were injected with 330 kBq 125 I anti-T 
intact IgG or 350 kBq I-PNA and anaesthetized with Nembutal 

10 minutes prior to imaging- A PhoGarnma IV (Searle) with a 

125 

pm-hole collimator was calibrated with an I standard. Each 
mouse was secured with masking tape to a positioning board and 
serial images of the posterior view (15 , 000 - 20,000 counts) 
were obtained at time periods between 3 and 72 hours post-in- 
jection of the radiolabelled proteins. 
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A. Tumor Cell Lines and Animal Tumor Model 

In order to study the in vivo localizing capability of 
T antigen-avid proteins, it was desirable to have an appropri- 
ate animal tumor model. Reproducible moderate size tumors, 
5 which are rapidly produced with a vascular supply similar to 

naturally occurring tumors, would provide an ideal tumor model, 
if the cells expressed the T antigen. 

A number of mouse tumor cell lines were tested by di- 
rect and indirect immunofluorescence, for the binding of T 

10 antigen-avid reagents. An RI lymphoma mouse cell line was 

shown to bind T-affinity purified human and rabbit antibody and 
peanut lectin. 

The RI radiation-induced lymphatic leukemia was initi- 
ally isolated from CBA(H-2 K ) mice and has been passaged in mice 

15 as the ascitic form and grown in vitro as a tissue culture cell 
line by several workers. This cell line grows as a suspension 
in vitro , thereby facilitating cell quantitation, animal inocu- 
lation and cell viability determinations. Since the cells grow 
singly in suspension (although with a slight tendency to clump) , 

20 trypsin treatment of the cells was not required prior to mice 
inoculation. This was an important parameter for the animal 
model, since trypsin is knowm to cleave off cell surface glyco- 
proteins, such as the T antigen and is cell toxic. 

As a radiation-induced tumor, this lymphoma may provide 

25 a more suitable animal model for spontaneous T antigen-bearing 
cancers in humans than a chemically or virally induced tumor. 
Those animal tumors which are induced by carcinogens or viruses, 
of ten -express many nea-antigens and this results in an art if ac- 
tual immunogenici ty and antigenicity, not usually seen in spon- 

30 taneous and most radiation- induced tumors. 

The tumor cell line had been passaged for an extended 
period of time as an in vitro tissue culture and this may pos- 
sibly allow selection of cells adapted for in vitro growth, 
rather than growth in animals. To determine if the RI leukemic 
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cells would grow in vivo, as a solid subpannicular tumor which 
could be readily imaged and dissected, CBA/CAJ mice were inocu- 
lated with 1 x 10 5 , 2 x 10 5 , 5 x 10 5 and 10 x 10 5 viable tumor 
cells. Solid, palpable tumors were evident, for all doses, 5 
5 to 8 days following injection, with the largest doses generally 
resulting in tumor masses ranging from 150 mg to 1500 mg. 
Larger tumors tended to have necrotic centers and showed wide 
ranges of degree of vascularization. In further experiments, 
the CBA/CAJ mouse-RI tumor model was used 9-12 days following 

10 the s.p. inoculation of 2 x 10 5 to 6 x 10 5 viable tumor cells. 

Another murine mouse tumor line, utilized for in vivo 
and in vitro studies, was the EL4 lymphoid tumor which was iso- 
lated in 1945 from C57 black (H-2 b ) mice, following treatment 
with 1:10 dimethyl 1:2 benzanthrene and it has been maintained 

15 by tissue culture and serial i.p. and s.p. transmissions. The 
EL4 cells were found to not bind T antigen-avid antibodies and 
lectins and this cell line was used as a control for both in 
vivo and in vitro studies with the RI cells. Mice, of the 
strain C57/B1, were inocultaed with 5 x 10 5 cells, and tumors, 

20 with gross appearances similar to RI tumors, were ready for bio- 
distribution studies 10-12 days later. 

The BW-5147 is a lymphocytic leukemia, originated in an 
AKR mouse (H-2 K ) in 1954, which has been maintained by i.p. and 
s.p. passages and in vitro culturing, was used as a non-T anti- 

25 gen expressing control for the RI cells. Attempts to grow this 
tumor in CBA mice (with the same major histocompatibility class- 
ification as AKR) were unsuccessful, probably due to minor his- 
tocompatibility differences . 


30 B. , Preliminary Studies with Anti-T and Nonspecific IgG Anti- 
bodies 

1. Modifications of the Radioiodination Procedures 

The initial labelling procedure, involved preincubation 
of 100 yg of anti-T antibody with 10 mg T sorb in order to pro- 
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tect the binding site. Ther reaction mixture, in 500 ul borate 
buffer, was gently agitated for 2 hours at 4°C within a 3 ml 
vial. A centrifugation step (5 min at 800 rpm) was followed 
by 6 washes (2 ml borate buffer, pH 7.2) in order to remove 
antibody which was not T-sorb-bound. The protected antibody 
was mixed with 15-20 MBq Na 125 l in 1 ml borate huffer for 30 
seconds, followed by the addition of 6.86 mg IC1 in 100 ul 2N 
NaCl. The vial was agitated on a vortex mixer for 2 minutes 
and the reaction was stopped by the addition of 100 ul fixing 
solution (0.016 M Na 2 S 2 0 3 and 0.012 M KI) . Unreacted iodine 
was removed by withdrawal of the supernatant and 5 subsequent 
2 ml washes to the T-sorb with PBS. The radioiodinated protein 
was eluted from the T-sorb with 500 ul of 1% NH 4 <DH and then 
adjusted to pH 7.2 with KH 2 P0 4 (16.5% solution). 

This procedure was systematically modified in subse- 
quent experiments to optimize the retention of biological .acti- 
vity of the radioiodinated product. Most of the modifications 
were made to decrease mechanical or chemical damage to the pro- 
tein during the T-sorb incubation and iodination steps. Mech- 
anical or chemical damage may alter the quarternary or tertiary 
structure of the protein, which may lead to changes in the 
binding affinity of the protein for T antigen-containing sub- 
stances . 

Centrifugation of the reaction mixture to isolate the 
T-sorb-protein complex was found to be unnecessary. The immuno- 
adsorbent matrix ( si ly laminated, calcined, diatomaceous earth) 
was of sufficiently high density to separate efficiently by 
gravity alone. Six washes were initially performed on the anti- 
body-T sorb complex prior to labelling. The number of washes 
was reduced to three, since the rabbit anti-T had already been 
purified on T-sorb. The vigorous vortexing, initially carried 
out during iodination procedures, was changed to gentle hand 
agitation. 
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The borate buffer was replaced by a phosphate buffer 
because it was suspected that the borate ion may interact with 
either the antibody or the T-antigen immunodeterminant disac- 
charide. Parallel synthesis of 125 I-anti-T, using either bor- 
5 are or phosphate buffer, resulted in similar labelling effi- 
ciencies (40-43%) and desorption capabilities of the anti-T 
(47-51%). Thus, subsequent iodinatiohs were conducted in phos- 
phate buffer. 

The relatively high ICl/protein ratios, used initially 

10 to ensure high labelling efficiencies, exposed the protein to 
higher concentrations of the oxidizing agent than were neces- 
sary. The molar ratio of IC1 was decreased four-fold, so that 
the maximum iodine incorporation would be about 1.5 atoms per 
antibody molecule, based on 100% chemical yield. 

15 The chemical exposure of the protein was also reduced 

by elimination of the reducing agent (sodium raetabisulfite) . 
Since the antibody is immobolized on the T-sorb particles, the 
oxidizing reagent and free I + and were simply removed with the 
supernatant and four washes of the T-sorb protein complex. 

20 Duplicate reactions, in which the reducing step was omitted in 
one of the reactions, revealed that a higher hemagglutination 
titre to N'RBC was obtained for the antibodies labelled without 
reduction. The binding of the nonfixed antibody preparation 
was 4.7% to N'RBC and only 0.3% to control RBC. Once the anti- 

25 body is radioiodinated on the T-sorb, a desorption agent is re- 
quired to elute the labelled antibody from the immunoadsorbent. 

In the methodology developed, an increased pH, with the 
use of 1% NH 4 OH, was utilized to elute antibody from the T-sorb. 

To evaluate the effects of various concentrations of NH..OH for 

4 

30 antibody desorption, two labelling experiments were carried out 
in which aliquots of the labelled antibody-T sorb complexes 
were desorbed with either 0.5%, 1% or 2% NH^OH. The desorption 
capability was found to be highest for the 2% NH^OH, which 
eluted 79-85% of the T-sorb-associated radioactivity, as com- 
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pared to 70-74% and 54-57% with the 1% and 0.5% concentrations, 
respectively. The radioiodinated antibody preparations, 
eluted by all three NH^OH concentrations, showed similar bind- 
ing to T-sorb (V70%) and N'RBC (^%). A 2% NH^OH concentra- 
tion was therefore selected, due to its greater desorption 
capabilities. Other methods of desorption, including 0.1 M KC1 
pH 2.2 for 30 seconds or 3 minutes, 0.4 borate buffer for 1 
minute, or 1% acetic acid for 1 minute, were all found to be 
less effective than 2% NH^OH in eluting the labelled antibody 
from the T-sorb. 

Nonspecific adsorption of the antibody to contact sur- 
faces was a very signigicant problem throughout any of its 

R 

manipulations. Losses as high as 25% on Falcon tubes, 85% in 
an Amicon B-15 concentrator and 50% on a Sephadex PD-10 column, 
were observed. It was, therefore, desirable to precoat every 
surface, that would come in contact with the antibody, with a 
1% BSA solution to decrease the nonspecific adsorption losses. 
Therefore, insufficient washings of the T-sorb was unlikely to 
be the source of free iodide. 

A blank labelling experiment, in which phosphate buffer 
replaced the protein, indicated that 25% or the total radioac- 
tivity used in the reaction remained associated with the T-sorb 
and reacti-vial after washing the T-sorb. The NH^OH desorption 
process then eluted 38% of the radioactivity on the T-sorb and 
reacti-vial. The source of free iodide in the antibody prepar- 
ations, therefore, appeared to be nonspecific adsorption and 
desorption of I from the reacti-vial and T-sorb. A purifica- 
tion technique, such as gel filtration was therefore needed to 
remove the 6-10% free iodide from the anti-T preparations 
following desorption. 

The final modified labelling procedure for the anti-T 
rabbit IgG and nonspecific rabbit IgG is described in sections 
C2a and C2b, respectively. The protected T-sorb iodine mono- 
chloride iodinations of anti-T resulted in labelling efficien- 
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cies which ranged from 25-50% and the direct iodination of XgG 
gave iodination efficiencies of 50-80%. 

2. Biodistribution Studies and In Vitro Binding 

Preliminary biodistribution studies were carried out 

125 

5 with I-anti-T in RI lymphoma bearing CBA/CAJ mice. It was 

125 

found that the I-labelled anti-T localized in the tumors to 
some extent but that prolonged, elevated blood levels main- 
tained a high background-tissue radioactivity. Three prelimi- 
nary biodistribution studies indicated that average tumor: 
10 muscle and tumor :blood ratios of radioactivity at 25 hours 

(total of 10 mice) were 5.9 + 0.5:1 and 0.57 + 0.04:1, respec- 
tively. Preliminary gamma camera imaging analysis, of RI 

125 

tumor-bearing mice injected i.v. with 300 kBq I-PNA, re 
vealed that some tumor localization was evident 4 days post- 
15 injection. 

A complicatioii, when determining the tumor localizing 
capabilities of an antibody or any protein preparation, is the 
nonspecific accumulation of macromolecules in tumors. Tumors 
often have a larger extravascular-extracellular space, greater 
20 blood vessel permeability and less efficient lymphatic drain- 
age than found in normal tissue. Therefore, most radiolabel- 
ed proteins localize to some extent in tumors. The use of 
double isotopic labels, a technique first introduced by Press- 
man et al, Cancer Res., 17:845, 1957, is helpful in distin- 
25 guishing between specific and nonspecific antibody localiza- 
tion in tumor and other tissues. Specific anti-tumor anti- 
bodies are labelled with one isotope of iodine, e.g., 125 I, 

and normal control globulins are labelled with another, such 
131 

as I. Simulataneous injection of the two preparations al- 
30 lows evaluation of the tumor for localization of specific anti- 
body and control nonspecific protein. 

This paired-label technique was therefore utilized to 
determine the specificity of anti-T tumor localization. Mice 
bearing RI tumors were simultaneously injected with 10 MBq 
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125 I-anti-T and 8 MBq 131 I-IgG. The localization of the anti- 
bodies in tissue samples was subsequently determined by differ- 
ential radioactive analysis of the two isotopes present. Six 

mice were dissected at each time period of 2, 4, 8, 24 and 48 

125 

5 hours. The radioactivity, determined for I-anti-T, was cor- 
rected for the spillover of l31 I counts occurring in the 125 I 
window. Biodistribution data was calculated as a percentage of 
the injected dose per gram of wet tissue or per intact organ 
and are presented in Table 1 and Table 2 for the 8, 24 and 48 
10 hour time periods. Although not assayed in this particular 

biodistribution study, preliminary studies indicated less than 
1% of the injected dose was contained in the lung at 25 lours. 
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TABLE 1 

COMPARATIVE TISSUE BIODISTRIBUTION OP 
1-125 ANTI-T AND 1-131 NORMAL GAMMA GLOBULIN 
IN RI LYMPHOMA-BEARING CBA/CAJ MICE 

(Percent Dose Per Gram Tissue) 




8 

Hr 

(N=6) 

24 Hr(N=6) 

48 Hr(N=6) 



T- 

•AB 

IgG 

T-AB 

IgG 

T-AB 

IgG 

Tumor 

%Dos/Gram 

4. 

67 

7.31 

4.08 

7.14 

2.74 

5.08 


Stan. Dev. 

1. 

23 

1.93 

0.81 

1.71 

2.74 

5.08 

Blood 

%Dos/Gram 

11. 

65 

20.43 

8.10 

15.88 

5.50 

11.11 


Stan. Dev. 

2. 

30 

4.72 

0.79 

2.01 

0.92 

2.38 

Liver 

%Dos/Gram 

3. 

22 

4.21 

2.49 

3.69 

1.62 

2.41 


Stan. Dev. 

0. 

62 

1.03 

0.22 

0.37 

0.30 

0.64 

Spleen " 

IDos/Gram 

3. 

01 

4.57 

2.17 

3.7? 

1-64 

2.92 


Stan. Dev. 

0. 

80 

1.26 

0.23 

0.52 

0.40 

0.75 

Kidney- 

%Dos/gram 

4. 

59 

6.22 

3.95 

5.47 

2.46 

- 3.71 


Stan. Dev. 

1. 

07 

1.69 

0.67 

1.08 

0.44 

0.86 

Muscle ' 

% Dos/Gram 

0. 

66 

1.02 

0.78 

1.37 

0.63 

1.16 


Stan. Dev. 

0. 

22 

0.33 

0.17 

0.29 

0.27 

0.38 


Footnote: T-AB = Anti-T antibodies; IgG = Nonspecific Normal 
Gamma Globulin 
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TABLE 2 

COMPARATIVE TISSUE BIODISTRIBUTION OF 
1-125 ANTI-I AND 1-131 NORMAL GAMMA GLOBULIN 
IN RI LYMPHOMA-BEARING CBA/CAJ MICE 


(Percent Dose Per Entire Organ) 
8 Hr (N=6) 24 Hr(N=6) 48 Hr(N=6) 




T-AB 

IgG 

T-AB 

IgG 

T-AB 

IgG 

Tumor 

%Dos/Org. 
Stan. Dev. 

1.91 
1.20 

3.01 
1.94 

1.51 
0.74 

2.60 
1.24 

2.06 
1.00 

3.60 
1.66 

Blood 

%Dos/Org. 
Stan. Dev. 

16.66 
3.28 

29.21 
6.75 

11.58 
1.13 

22.71 
2.88 

7.86 
1. 32 

15.89 
3.41 

Liver 

%Dos/Org. 
Stan. Dev. 

4.16 
0.74 

5.42 
1.21 

2.93 
0.22 

4.34 
0.39 

1.91 
0.32 

2.87 
0.80 

Spleen 

%Dos/Org. 
Stan. Dev. 

0.32 
0.12 

0.49 
0.18 

0.24 
-0.05 

0.42 
0.07 

0.17 
0.03 

0.30 
0.04 

Kidney 

%Dos/Org. 
Stan. Dev. 

1.59 
0.35 

2.15 
0.52 

1.24 
0.17 

1.81 
0.32 

0.82 
0.15 

1.25 
0.38 


Footnote : T-AB = Anti-T antibodies ; IgG = Nonspecific Normal 
Gamma Globulin 
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The ratio of radioactivity for tissue :blood and tissue: 
muscle, are also presented in Table 3 and were calculated on a 
gram to gram basis. These ratios show the relative concentra- 
tions in the various tissues and may give an indication of the 
potential usefulness in imaging studies. 
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TABLE 3 


Blood 


Liver 


Spleen 


Kidney 


Tumor 


Muscle 


COMPARATIVE TISSUE RATIOS OF RADIOACTIVITY OP 
5 ANTI-T ANTIBODY AND 1-131 NORMAL GAMMA GLOBULIN 
IN RI LYMPHOMA-BEARING CBA/CAJ MICE 


Organ/Blood 
Stan.Dev 

1.00 
0.00 

1.00 
0.00 

1.00 
0.00 

1.00 
0.40 

1.00 
0.00 

1.00 
0.00 

Organ/Muscle 
Stan. Dev. 

18.47 
3,42 

20.60 
3.05 

10.64 
1. 70 

11.87 
2.17 

9.65 
3 . 05 

10.34 
3 . 36 

Stan.Dev. 

0.02 

0 21 
0.01 

0 31 
0.01 

0.23 
0.02 

0 . 30 
0.03 

0 . 22 
0.02 

Organ/Muscle 
Stan.Dev. 

5.14 
1.12 

4.24 
0.64 

3.28 
0.56 

2.76 
0.48 

2.78 
0.70 

2.20 
0.63 

Organ/Blood 
Stan. Dev. 

0.26 
0.06 

0.22 
0.04 

0.27 
0.04 

0.24 
0.03 

0.30 
0.06 

0.26 
0.04 

Organ/Muscle 
Stan. Dev. 

4.86 
1.78 

4.68 
1.35 

2. 89 
0.71 

2.85 
0.71 

2.84 
0.93 

2.69 
0.88 

Organ/Blood 
Stan. Dev. 

0.39 
0.04 

0.30 
0.02 

0.49 
0.08 

0.36 
0.06 

0.45 
0.07 

0.34 
0.04 

Organ/Muscle 
Stan.Dev. 

7.21 
1.24 

6.22 
0.93 

5.28 
1.56 

4.35 
1.30 

4.21 
0.92 

3.38 
0.86 

Organ/Blood 
Stan. Dev. 

0.40 
0. 08 

0.36 
0.07 

0.50 
0.08 

0.45 
0.07 

0.49 
0.07 

0.44 
0.09 

Organ/Muscle • 
Stan.Dev. 

7. 44 
2. 38 

7.51 
2.42 

5.43 
1.51 

5.41 
1.72 

4.87" 
1.98 

4.73 
2.09 

Organ/Blood 
Stan.Dev. 

0.06 
0.01 

0.05 
0.01 

0.10 
0.02 

0.09 
0.02 

0.12 
0.05 

0.11 
0.05 

Organ/Muscle 
Stan.Dev. 

1.00 
0. 00 

1.00 
0.00 

1.00 
0.00 

1.00 
0.00 

1.00 
0.00 

1.00 
0.00 


8 Hr(N=6) 
T-AB IgG 


24 Hr(N=6) 
T-AB IgG 


48 Hr(N=6) 
T-AB IgG 
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From the organs dissected, and analyzed for 125 I-anti- 
T, only the kidneys and tumor were found to have tissue: blood 
ratios of radioactivity larger than 0.30:1 at any of the time 
periods evaluated. The I-anti-T tumor: muscle ratio was 
7.4:1 at 8 hours, 5.4:1 at 24 hours and 4.9:1 at 48 hours. The 
tumor: blood ratio remained at 0.5:1 for both the 24 and 48 hour * 
time periods. Preliminary biodistribution studies revealed 
tumor :blood ratios at 24 hours of 0.4:1 and 0.15:1 for lymph 
nodes and thymus, respectively. 

The IgG preparation was found to have a greater whole 
body and tissue retention than the specific anti-T. The per- 
centage of injected dose of 131 I-lgG, per gram of tissue, was 
found to be 1.5-2 fold higher in most tissues as compared to 
anti-T. At five days post-injection, blood levels were an 
15 average of 4 fold higher for the nonspecific antibody than for 
specific anti-HCG. .These differences were not observed in non- 
tumor bearing mice. 

Although the absolute tissue retention of the IgG was 
elevated, relative tissue ratios such as tumor: muscle and tumor: 
20 blood were very similar to those observed for anti-T. At 24 

hours, the tumor tmuscle ratio was 5.1:1 and the tumor: blood 

131 

ratxo was 0.45:1 for the x I-IgG. Similar tumor :blood ratios 
have been ovserved when radiolabeled nonspecific IgG was in- 
jected in tumor bearing rats. 

25 An informative manner for the analysis of the specifi- 

city of antibody localization, is to calculate the specificity 
or localization index. The ratios of relative concentrations 
such as tissue:blood, obtained for the specific antibody are 
divided by the corresponding factor, calculated independently 

30 for the control protein. The specific nonspecific ratio can 
be standardized by ratios in the blood, injected doses, liver, 
lung or muscle. 

In this study, the blood was chosen to analyze the data, 
since 1) poor blood clearance is one of the major complications 

( > - OMPI N 
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in antibody studies and 2) nonspecific macromolecular tumor 
localization is primarily due to a changed vasculature in the 
tumor tissue. The ratios were, therefore, calculated using 
the percentage of injected dose per gram of blood or tissue in 
5 the following equation: 


When this ratio is much greater than one for the tumor, but not 

10 other tissues, it indicates that the increased antibody radio- 
activity in the tumor is probably due to specific tumor tissue 
binding in addition to hypervascularization and interstitial 
fluid accumulation in the tumor. The specificity index of the 
radioiodinated anti-T for the tumor was 1.11 to 1.13 at the time 

15 periods of 8 to 48 hours and was not found to be significantly 
different from the remainig carcass or other tissues. Although 
most other tissues had a specificity index of 0.96 to 1.14 at 
48 hours, the value from the tumor data was 2.34. This indi- 
cated localization in the tumor, which nonspecific accumulation 

20 could only account for about 43.% of the tumor retention. In 

the anti-T/IgG study, approximately 90% of the localization in 
the tumor, and most other tissues, is probably due to nonspeci- 
fic localization. This seems to indicate that the anti-T is 
not specifically retained by interaction with the T antigen on 

25 the RI cells. Metabolism of the antibody may be occurring be- 
fore it is fixed on the cell surface, since the tumor receives 
such a small proportion of the cardiac output. 


4 and indicate the anti-T bound relative avidly to the T im- 
30 munoadsorbent , but the binding was not extremely high to N'RBC 
(which by definition of the T antigen, contains a large number 
of T antigen receptors) . The in vitro tumor-cell binding did 
not indicate a high specificity of the radiolabelled anti-T for 
antigens expressed on the RI cells. 


specificity _ 
index 


tissue: blood anti-T-IgG 


tissue :blood nonspecific IgG 


Results of the in vitro binding are displayed in Table 
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TABLE 4 

IN VTTRO BINDING OF ANTI-T AND NORMAL IgG* 

Anti-T Normal IgG 


Binding to T-sorb 45 - 85% (n=8) 0.8 - 0.9% (n=4) 

(specific) 

Binding to Synsorb 2.5 - 10% (n=4) 2.1 - 2.2% (n=4) 

(control) 

Binding to N'RBC 3 - 8.2% (n=4) 0.20 - 0.22% (n=2) 

(specific) 

Binding to RBC 0.3 - 3.3% (n=4) 0.28 - 0.3% (n=2) 

(control) 

Binding to RI 1% ( n =l) o.9% (n=l) 

(specific) 

Binding to EL4 0.6% (n=l) 0.8% (n=l) 

(control) 


- Anti-T and IgG were radiolabeled with 1-125 and 1-131, 
re spec tively . 

- Values are expressed as percentage of added radioactivity 
bound to ligands following incubation and subsequent washings 

- The number of independent determinations is given in paren- 
thesis. 
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The anti-T was prepared by injecting rabbits with the 
synthetic 3-D-Gal (l-*-3) a-D— GalNAc conjugated by an 8 carbon 
linking chain to carrier BSA molecules. Antibodies, which were 
specific for the linking arm or any of the many antigenic sites 
present on a BSA molecule, could be produced along with the 
antibodies specific for the T disaccharide. Affinity purifica- 
tion on the T immunoadsorbent should remove anti-BSA antibodies 
but antibodies specific for the linking carbon chain would still 
be present in the "purified" antibody preparation. Therefore, 
only a proportion of these "anti-T" antibodies would also have 
a high affinity for the natural antigen, exposed on the cell 
surface. 

It was desirable to carry on these studies with a homo- 
geneous monoclonal antibody preparation with a very high speci- 
ficity for the T antigen. However, due to the sophisticated 
techniques involved in preparing a monoclonal antibody with a 
highly avid and specific binding ability, a source of mono- 
clonal anti-T was not available to continue the antibody studies 
at the time^ 

Another T antigen-avid protein, the peanut lectin, was 
available as a homogeneous, affinity-purified protein. Initial 
in vitro binding studies indicated high binding affinities for 
not only the T immunoadsorbent but also membrane-bound T speci- 
ficities in N'RBC and RI tumor cells. 


C. Peanut Lectin 

1. Reconstitution and UV Spectroscopic Analysis of PNA 
The peanut lectin, utilized in in vitro and in vivo 
studies, was obtained from EY Laboratories (San Mateo, CA) and 
the product specifications indicated a single band by polyacryl- 
amide-disc gel electrophoresis. The hemagglutination titre of 
the PNA lot obtained was 1:2048 to neuraminidase-treated red 
blood cells. The protein was kept frozen in the lyophilized 
form until portions of 3 to 5 mg were reconstituted with phos- 
phate buffered saline, pH 7.4 (PBS). The reconstituted protein 

( OMPI ^ 
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was passed through a sterile 0.22 ym filter and maintained 
under aseptic conditions at 4°C. 

The reconstituted protein was analyzed by UV spectro- 
scopy at 280 nm for both qualitative and quantitative analysis. 
5 The absorption spectra revealed a double maxima at 277 nm and 
283 nm and also a small shoulder peak at 290 nm. These peaks 
are believed to be due to aromatic amino acid side chains such 
as tryosine. Quantitative increases of the peaks, in the 270- 
300 nm range, occur during interactions of PNA with specific 
10 saccharides and glycoproteins. 

Several PNA preparations were accurately reconstituted 
to 1 mg/ml and the optical density was measured at 280 nm. Six 
separate determinations of the extinction coefficient at 280 nm 

resulted in a value of 8.45 + 1.26 for the Ej 0 mg/ml of PNA. 

— Zau nm 

15 Quantitative determinations of the peanut lectin concentration 

were calculated using the equation A = E^" ^A^- c . x (where A = 

1 cm 

absorbence, c = concentration in mg/ml and 1 = path length in 

centimeters). The E^" ™?/ ml extinction coefficient used in 

X cm 

these determinations was the published value at 280 nm of- 9. 6. 
20 The reconstituted peanut lectin solutions were stored at 4° at 
concentrations of 1 mg/ml and used within 2 months or discarded. 
2- Quality Control of Radioiodine (Na 125 I) Solution 

-1 p c 

a) Radionuclidic purity of Na I 

The reagent grade, no-carrier added radioiodine 

125 

25 (Na I) , used for labelling procedures, was tested for both 

radio-chemical and radionuclidic purity. A Nal (Tl) well crys- 
tal and multichannel analyzer were used to determine the energy 
125 

spectrum of Na I. Two photopeaks were observed, which oc- 
curred at about 28 keV and 55 keV and the gamma spectrum ob- 
30 served correlated well with a published spectra of 1-125. The 
photopeaks are due to the single emissions at 27.4 keV and 
35.5 keV, and the coincidence peaks which occur at 55 and 63 
keV. No peaks were observed at higher energies. 
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125 

b) Radiochemical purity of Na I 

Instant thin layer chromatography (ITLC) was used 

to analyze the radiochemical purity of the radioiodine. Ali- 

quots of the Na 125 I were spotted on silica gel ITLC strips and 

developed by ascending chromatography (85% methanol in water) , 

to determine the presence of any iodate. In this system, the 

I~ migrates with the solvent front, with typical Rf values of 

0.9, while the radioiodate (I0 3 ~) remains close to the origin 

with an Rf value about 0.2. Analysis of the strips revealed 

that the radioiodide peak accounted for 97.6% of the total 

radioactivity. Thus, this product was acceptable for radio- 

iodination purposes. 

3. Radioiodination and Radiochemical. Purification of PNA 

The chloramine-T method was utilized for the radio- 

125 

iodination of peanut lectin. The Na I qas buffered initially 
to pH 7.4 with phosphate buffer to prevent protein .damage from 
the alkaline pH of the radioiodine solution and to optimize the 
pH for the radioiodination. The ratio, on a weight basis, of 
chloramine-T to protein, 0.3:1, was chosen to provide a consis- 
tent labelling efficiency while minimizing exposure of the pro- 
tein to extensive oxidizing conditions. The sodium metabisul- 
fite was added in excess (twice the molar quantity of chlor- 
amine-T) in order to terminate the reaction and reduce unreac- 
ted I + to I~. 

The radioiodination efficiency was assessed by three 
different methods; TCA precipitation, silica gel ITLC and gel 
filtration chromatography. Radiolabelling efficiencies were 
routinely determined by TCA precipitation and generally corre- 
lated well with the values determined by ITLC and for analysis 
of the elution profiles. The labelling efficiencies of 9 se- 
parate radioiodinations are presented in Table 5 . An average 
labelling efficiency of 58.2 + 6.5% was attained with a range 

of 50-74% based on TCA precipitation analysis of the labelled 

125 

protein, the unbound I migrated at the solvent front (typi- 
cal Rf values of 0.90 to 0.95) while the protein fraction re- 
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mained essentially at the origin (Rf values of -0.5 to 0.15). 
If the samples, which were analyzed, contained a very large 
amount of free iodide, the estimated value of unbound radioac- 


tivity was generally higher when determined by ITLC analysis, 
5 than by TCA precipitation. For example, analysis of one radio- 
labelled protein/radioiodide mixture revealed 83% free iodide 
by ITLC and 76% free iodide by TCA precipitation. This is 
possible due to nonspecific trapping of the free iodide in pre- 
cipitated carrier BSA protein. Addition of carrier KI during 
10 TCA precipitation may possibly help rectify this problem. 
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ANALYSIS OF LABELLING EFFICIENCY IN 
CHLORAMINE-T RADIOIODINATIONPROCEDURES OF PEANUT LECTIN 


Experiment 

Percent Labelling Efficiency as 
determined by: * 

TCA 

Precipitation 

Gel Filtration 
Elution Profile 

Silica Gel 
ITLC 

85% MeOH/H 2 0 

1 

50.1 + 0.3 

(n=2) 

48.8% 


2 

64.5 + 4.9 

(n=2) 

59.8% 


•J 

58.2 + 0.8 

(n=2) 

56.2% 


4 

60.0 + 0.5 

(n=4) 

57.0% 


5 

65.1 + 0.3 

(n=2) 

64.9% 


6 

66.8 + 0.9 
(n=2) 

67.2% 


7 

51.8 + 2.0 

(n=3) 

50.3% 

49.2 + 1.3 
(n=3) 

8 

49.8 + 1.6 

(n=3) 

52.2% 

49.4 + .2.2 

(n=3) 

9 

57.1 + 1.0 

(n=2) 

56,. 1% 

55.2 + 0.8 

(n=3) 


n = number of determinations, all gel filtration calculations 
are based on one determination from the desalting proce- 
dure. 
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Separation of unreacted radioiodine was carried out 
by gel filtration chromatography. A polyacrylamide gel, BioGel 
P-6DG, was chosen, since the media is designed for desalting 
procedures and exhibits low nonspecific adsorption of macro- 
molecules. Initially, the BioGel P-6DG media was packed into 
5 ml syringe barrels or emptied PD-10 columns (Pharmacia) , and 
did not quite provide baseline resolution between the void vol- 
ume (protein peak) and the salt peak (iodide) . Therefore, 
longer columns were packed [9 mm x 300 mm (Pharmacie) ] with bed 
volumes of about 11 ml. These longer columns provided excel- 
lent baseline resolution between protein and salt peaks. 

A column eluate was analyzed, in sequence, for both pro- 
tein optical density (at 280 nm) and radioactivity. The pro- 
tein absorbence peak was usually noted to appear at an elution 
volume of 2.5 ml and fractions containing the complete absorp- 
tion peak were collected in about a 3 ml volume. Generally, 
the first 1.5 ml of protein collected was utilized for futher 
in vivo and in vitro studies and this fraction generally con- 
tained in excess of 80 percent of the protein radioacitvity. A 
further 1 to 1.5 ml was eluted at baseline radioactivity before 
the radioiodide salt peak occurred. Analysis of the radioacti- 
vity elution profile provided additional information on the 
labelling efficiency of the radioiodination which correlated 
well with analysis by TCA and/or ITLC techniques. Between 92 
and 99.5% of the protein-associated radioactivity added to the 
column, was recovered in the protein peak fractions. TCA preci- 
pitation analysis of the two major radioactivity elution peaks 
revealed that 96-97% of the radioactivity was precipitated in 
the protein peak while only 5-7% of the radioactivity precipi- 
tated in the iodide peak. Therefore, the BioGel P-6DG column 
provided an efficient means of removing free iodide from the 
radiolabeled lectin and sample dilutions of the protein frac- 
tions, as a result of this desalting procedure, were usually 
only 3 59 5 fold. 
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4 . Radio chemical Stability of I-Peanut Lectin 

The radiochemical stability of radioiodinated PNA was 
125 

determined for I-PNA prepared by two different radioiodina- 
tion techniques; the routinely used Chloramine-T method, and 
5 also the iodine monochloride method. Both preparations were 
desalted separately on the same P-6DG column and the purified 
protein mixtures were stored at 4°C, pH 7.4 in BSA-precoated 
tubes . 

These radioiodinated protein solutions were analyzed 
10 by TCA precipitation to determine the percentage of protein- 
bound radioactivity. The 1-125 PNA, labelled by the Chloramine- 
T method, was somewhat more stable than that produced by the 
IC1 technique. During the initial first few days following 
radioiodination, the daily loss of radioiodine was more rapid 
15 than that observed after the first week. At two weeks, 2.2 and 
3.3% of the radioiodide had hydrolyzed from the Chloramine-T- 
and ICl-radioiodinated PNA, respectively, aiid about 65% of this 
hydrolysis had already occurred in the initial 4 days. 

Overall, the rate of hydrolysis of radioiodine from 

125 

20 I-PNA is relatively slow, when the radiolabelled PNA is 

stored at 4°C, and a pH of 7.4. 

1 25 

5. In vitro Binding Studies of I-PNA 

The biological binding affinity of radiolabelled peanut 
lectin was determined by various in vitro studies. The pre- 
25 sence of a large number of Thomsen-Friedenreich receptors on 

neuraminidase-treated red blood cells, N' RBC, makes these cells 
extremely useful ligands to test the binding affinity of PNA. 

The biological activity of a lectin can be estimated by 
comparing the end point hemagglutination (the largest dilution 
30 of cells showing macroscopic evidence' of agglutinated cells) . 
Serial dilutions of N'RBC were carried out and the hemaggluti- 
nation titre of both the labelled and unlabelled lectin were 
carried out in parallel. The end point titre occurred at a 
concentration of 0.5 ug/ml for both the labelled and unlabelled 
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product. Although the subjectiveness of the hemagglutination 
only allows this method to provide a rough estimate of biologi- 
cal activity, it appears as if the radiolabelling procedure 
does not seriously affect the biological affinity of PNA. 
5 The routine method of testing the biological activity 

of radioiodinated peanut lectin is to test the percentage bind- 
ing to one ml of a 2% suspension of neuraminidase- treated red 

Q 

blood cells (approximately 1.5 x 10 cells). The results of 

TIC 

the experiments, measuring the binding of I-PNA to N'RBC are 
10 presented in Table 6 and represent ten separate radioiodina- 

tions of PNA and twelve subsequent binding studies. Normal un- 
treated red blood cells served as controls, for they have been 
shown to contain less than 3% of the number of receptors found 
in N'RBC. 
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The radioiodinated peanut lectin was found to be very- 
avid for binding to N'RBC with an average binding affinity of 
66%. Although preliminary studies with anti-T antibodies had 
indicated maximum percentages of binding to N'RBC of 8.2%, the 
peanut lectin showed binding capabilities as high as 84% in 
some cases. Since almost every N'RBC binding determination was 
carried out with a newly prepared 125 I-PNA and a freshly neur- 
aminidase- treated lot of red blood cells, there was some degree 
of variation in the N'RBC binding. The specificity of the PNA- 
N'RBC interaction was assured by the relative lack of PNA bind- 
ing to N'RBC (2.1%) in the presence of galactose. Control red 
blood cells also failed to show any significant binding, with 
an average value of 1.2%. 

125 

The in vitro binding of I-PNA was tested with an- 
other membrane-associated glycoprotein ligand, the RI tumor 
cells. As indicated in Table 6, the. peanut lectin was. 'shown to 
have a very high binding affinity for RI cells, with an average 
20 percent bound. In another binding determination, utilizing 

1 x 10 7 cells rather than 5 x 10 6 tumor cells, 39 + 0.3% (n=3) 

125 ~ 
of the I-PNA remained bound to the cell pellet following 4 

PBS washes. The specificity of binding was indicated by a 90 
percent inhibition of binding in the presence of galactose. 
The EL4 tumor cell line was used as a control for tumor cell 
binding, averaging 0.4%, was observed for EL4 cells as illus- 
trated in Table 6. Another control tumor cell line, BW5-147, 
was also found to have a very low binding affinity for PNA. 
Four separate radiolabelled peanut lectin preparations revealed 
an average percentage binding of only 0.27 + 0.15% to the BW-147 
murine tumor cell line. 

The various in vitro binding results of PNA indicated 
a specific and preferential binding of this lectin for cells 
and immunoadsorbents bearing T-like antigens. 
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125 

6. Carbohydrate Binding Specificity of I-PNA 

Traditional methods of analyzing specific reactions of 
lectin and antibodies usually involve a comparison of the in- 
hibitory ability of various mono- and oligosaccharides for 
either hemagglutination or glycoprotein precipitation. Eryth- 
rocyte membrane glycoproteins , and many soluble glycoproteins , 
appear to be very complex and are capable of binding a wide 
range of lectins with various saccharide-binding specificities. 
Synthetic immunoadsorbents , prepared by covalently linking var- 
ious mono-, di- and trisaccharides , via a 9-carbon linking arm 
to sily laminated, calcined, diatomaceous earth particles, would 
contain only the particular carbohydrate desired. By studying 
the binding of 1-125 labelled peanut lectin to various synthetic 
immunoadsorbents, it is possible to delineate a few of the car- 
bohydrate binding specificities of this lectin. The final per- 
125 

centage of I lectin bound to each synsorb, was determined 

following the 45 minute incubation and the subsequent PBS washes 

to remove any unbound lectin. The carbohydrate immunoadsorbents 

which were tested, their specific activities (yM carbohydrate 

125 

per gram immunoadsorbent) , and the I-PNA binding results are 

all summarized in Table 7. The binding data are presented in 

125 

3 forms. The percentage of added I-PNA which was bound to 
the carbohydrate- synsorbs was determined in triplicate and cor- 
rected for nonspecific binding by subtracting the binding which 
occurred with a blank immunoadsorbent (no attached sugar resi- 
dues) . Since all of the synsorbs inhibited various degrees of 
sugar incorporation, all of the binding data was standardized 
for specificity inter-comparisons, by calculating the percent- 
age bound per 0.1 yM carbohydrate. Finally, galactose was as- 
signed a binding ability of 1.0 and the binding abilities of all 
other sugars were calculated relative to galactose on a per yM 
basis . 
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In this study, the binding ability of the synthetic T- 
immunoadsorbent , was found to be 49.4 relative to galactose. 
This relative binding occurred when the disaccharide £-D-Gal- 
(1*3) -GalNAc was covalently linked in the a position to the 
5 bridging arm of the synsorb. A lower binding ability of 38.5 
was found when the disaccharide was covalently bound by a link- 
age to the bridging arm. A better inhibitory ability was found 
for the synthetic carbohydrate chains when the T determinant 
was attached via an a, rather than B linkage to the 3-O-posi- 

10 tion of N-tosyl-L-serine. 

Of the other carbohydrates tested, none showed a bind- 
ing ability exceeding 10% of that found between PNA and the T 
determinant. For weakly bound carbohydrates, where nonspecific 
interactions may contribute significantly to binding, wider 

15 fluctuations in the affinity are often found between one speci- 
ficity study and another. 

The importance of the configuration of the C-4 hydroxyl 
in the penultimate pyranose is evident when comparing the rela- 
tive binding of PNA to g-Gal (l->-3) D-GlcNAc and 3-Gal ( 1-*- 3 ) D-Gal- r 

20 NAc. By substituting glucose for galactose as the penultimate 
sugar, the binding decreased from 49.4 to 0.74. The study of 
binding specificity of a lectin by simply measuring the percen- 
tage binding to synthetic immunoadsorbents appears to offer an 
efficient rapid means of analysis that produces results similar 

25 to those seen with the accepted inhibition studies. 

A very specific interaction of PNA with the T-immuno- 
determinant disaccharide was evident in this study and supports 
the in vitro tumor and N'RBC cell binding studies. Therefore, 
CBA/CAJ mice with RI tumors were utilized to test the potential 

30 of radioiodinated peanut lectin for the radioimmunodetection of 
cancer. 
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125 

7- Biodistribution of I-PNA in CBA/CAJ Mice Bearing RI 
Tumors 

The peanut lectin, used in this biodistribution study, 
was radioiodinated with an efficiency of 60% to provide a spe- 
cific activity of 185 JcBq/ug (M).26 atoms iodine/molecule). In 
vitro analysis of this particular preparation of 125 I-PNA re- 
vealed that 66.6 + 1.2% bound to a one ml 2% suspension of 
N'RBC and 39% of the radioactivity was bound to 1 x 10 7 RI tu- 
mor cells. Retention of biological activity following radioio- 
dination was demonstrated by a preserved hemagglutination titre 
to N'RBC. Over 98 percent of the radioactivity in the injected 
product could be precipitated by trichloroacetic acid. The 
CBA/CAJ male mice had received a subpannicular inoculation of 
5 x 10 RI cells, in the right flank. This resulted in well de 
fined solid tumors, averaging 250 mg, at 11 to 15 days post- 
inoculation. Lugol's solution was added to the animals' drink- 
ing water, commencing two days prior to i.v. injection. The 

tumor-bearing mice received a 0.2 ml caudal i.v. injection of 
125 

50 kBq I-PNA. At 3, 8, 24 and 48 hours following injection, 
the mice were sacrificed by cardiac puncture/exsanguination 
under light ether anaesthesia. The liver, spleen, kidneys, 
pancreas and tumor were dissected as entire organs. The sto- 
mach, duodenum (first 2 cm of GIT) and remaining GIT were as- 
sayed with their contents. The blood sample content of radio- 
activity was extrapolated to the entire blood pool on the basis 
of animal body weight (entire blood pool = 6.5% body weight), 
and the skeletal muscle sample was taken from the hind thigh 
contralateral to the tumor site. The tissue samples, along 
with injection standards, were assayed for radioactivity in an 
automated gamma spectrometer utilizing the coincidence method 
for absolute determination of 125 i radioactivity. 

The results of the biodistribution study are presented 

125 

as a percentage of injected J I-PNA per gram wet tissue and on 
the basis of entire organ accumulation in Tables 8 and 9, re- 

\ _ OMPI 
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spectively. The values are given as the mean and standard de 
viation of the 6 to 8 mice sacrificed per time period. 
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TAB LB 8 

TISSUE DISTRIBUTION OF 1-125 
IN CBA/CAJ MICE BEARING RI TUMORS 

(Percent Dose Per Gram Tissue) 
3HR 8HR 24 HR 48 HR 




N=7 

N=6 

N=8 

N=8 

Tumor 

%Dos/Gram 
Stan. Dev. 

3.894 
1.073 

2.524 
1.151 

0.618 
0.283 

0.178 
0.064 

Blood 

%Dos/Gram 
Stan. Dev. 

1.543 
0.453 

0.926 
0.590 

0.124 
0.058 

0.011 
0.003 

Liver 

%Dos/Gram 
Stan. Dev. 

0.748 
0.155 

0.441 
0.231 

0.140 
0.021 

0.064 
0.009 

Spleen. 

%Dos/Gram 
Stan. Dev. 

4.799 
0.560 

2.706 
0.439 

0.765 
0.118 

0.191 
0.042 

Kidney- 

%Dos/Gram 
Stan. Dev. 

8.931 
3.757 

3.849 
1.453 

0.917 
0.145 

0. 323 
0.079 

Stomach 

%Dos/Gram 
Stan. Dev. 

8.880 
1.457 

8.468 
6.199 

1.030 
0.611 

0.075 
0.072 

Pancreas 

%Dos/Gram 
Stan. Dev. 

0.977 
0.192 

0.562 
0.365 

0.058 
0.024 

0.009 
0.002 

Duodenum 

%Dos/Gram 
Stan. Dev. 

2.495 
0.785 

1.043 
1.432 

0.146 
0.059 

0.018 
0.005 

GIT 

IDos/Gram 
Stan. Dev. 

1.432 
0.332 

0.854 
0.490 

0.082 
0.025 

0.012 
0.003 

Muscle 

%Dos/Gram 
Stan. Dev. 

0.339 
0.086 

0.145 
0.110 

0.024 
0.013 

0.005 
0.002 


5 


WO 85/01442 


PCT/US83/01395 


TABLE 9 

TISSUE DISTRIBUTION OF 1-125 
IN CBA/CAJ MICE BEARING RI TUMORS 


(Percent Dose Per Intact Organ) 




3HR 
N=7 

8HR 
N=6 

24 HR 
N=8 

48 HR 
N=8 

Tumor 

%Dos/Org. 

0.572 

0.557 

0.095 

0.077 


Stan. Dev. 

0.285 

0 . 316 

0.051 

0.056 

Blood 

%Dos/Org. 

2.759 

1.621 

0.220 

0.020 


Stan. Dev. 

0.814 

1.028 

0.114 

0.006 

Liver 

%Dos/Org. 

0.976 

0. 611 

0.188 

0.101 


Stan. Dev. 

0.173 

0. 289 

0.034 

0.011 

Spleen 

%Dos/Org. 

0.640 

0.403 

0.105 

0.028 

Stan. Dev. 

0.110 

0. 089 

0.014 

0.005 

Kidney 

%Dos/Org. 

3.543 

1.570 

0.343 

0.125 


Stan. Dev. 

1.347 

0.493 

0.060 

0.029 

Stomach 

% Dos/Org. 

2.724 

2.938 

0.343 

0.039 


Stan. Dev. 

0.742 

1.471 

0.199 

0.011 

Pancreas 

%Dos/Org. 

0.062 

0.074 

0.011 

0.001 


Stan. Dev. 

0.038 

0.063 

0.005 

0.000 

Duodenum 

%Dos/Org. 

0.299 

0.234 

0.018 

0.002 


Stan. Dev. 

0.085 

0.183 

0.009 

0.001 

GIT 

%Dos/0rg. • 

3.717 

2.156 

0.193 

0.033 


Stan. Dev.. 

0.791 

1.079 

0.059 

0.006 


OM PI 

v/ipo 
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The biodistribution data reveal that most tissues ex- 

125 

hibited a relatively rapid elimination of I-PNA, although 
the tumor retention was greater than most other tissues. One 
gram of blood contained only 0.01% of the injected activity at 
5 48 hours and this was less than one percent of the radioacti- 
vity initially present at 3 hours. The tumor, on the other 
hand, retained at 48 hours, almost 5 percent of the radioac- 
tivity initially present at 3 hours, so that one gram of tumor 
txssue contained 0.62% and 0.18% of the injected I-PNA at 
10 24 and 48 hours, respectively. On a gram basis, the only tis- 
sues which exhibited a consistently greater uptake of 125 I- 

radioactivity than the tumor, were the kidney and spleen. An 

125 

initially high stomach uptake of I decreased rapidly with 
time so that only 0.8% of the 3 hour stomach radioactivity was 

15 retained at 48 hours. The liver, pancreas and muscle were 
found to have a relatively low uptake of I-PNA. 

The peanut lectin demonstrated a very rapid whole body 
elimination. The percentage of injected radioactivity remain- 
ing in the mouse, at time of sacrifice, was only 42 + 13%, 29 + 

20 15%, 4.4 + 1.6% and 1.3 + 0.4% at 3, 8, 24 and 48 hours, re- 
spectively. The blood clearance was also very rapid, as indi- 
cated by the biodistribution data. At 8 hours only 5.4 + 0.7% 
of the radioactivity remaining in the body was contained in the 
entire blood pool and by 48 hours this had fallen to 0.8 + 0.4%. 

25 The rapid blood clearance, when combined with a tumor 

retention greater than that of most other organs, resulted in 
very favorable tumor-to-background ratios. Tissue :blood and 
tissue: muscle ratios are presented in Table 10. 

30 
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TABLE 10 


TISSUE 

RATIOS OF RADIOACTIVITY OF 1-125 

PEANUT LECTIN 


IN CBA/CAJ MICE 

BEARING RI LYMPHOMA TUMORS 





Organ to Blood Ratios 



JrlK 

8HR 

24HR 

48HR 



N=7 

N=6 

N=8 

N=8 


Organ/Blood 

1.00 

1.00 

1.00 

1. 00 


Stan. Dev. 

0.00 

0.00 

0.00 

0. 00 

Tit t* 

Organ/Blood 

0.50 

0 . 52 

1.26 

6. 17 


Stan. Dev. 

0.06 

0.12 

0.41 

1.33 


Organ/Blood 

3.30 

3.92 

6.90 

19. 02 


Stan. Dev. 

0.88 

2.13 

2.24 

8.07 

TT"! /~VT 7 

JXXClXltijr 

Organ/Blood 

5.78 

5.06 

8.40 

31.31 


Stan. Dev. 

1. 35 

1.94 

2.90 

9.92 


Organ/Blood 

6.03 

8.88 

• 8.04 

6. 71 


St an. Dev. 

1.22 

1.34 

1.40 

1.14 

Pancreas 

Organ/Blood 

0. 66 

0.62 

0.48 

0. 81 


Stan. Dev. 

0.14 

0.10 

0. 08 

0.20 

Duodenum 

Organ/Blood 

1. 68 

1.98 

1.29 

1. 63 


Stan. Dev. 

0.64 

0.78 

0.61 

0.22 

GIT 

Organ/Blood 

0.95 

0.96 

0. 70 

1.17 


Stan. Dev. 

0.16 

0.16 

0.13 

0.21 

Muscle 

Organ/Blood 

0.23 

0.15 

0.19 

0.46 


St an. Dev. 

0.07 

0.04 

0.06 

0.10 

Tumor 

Organ/Blood 

2.57 

3.30 

5.79 

17.01 


Stan. Dev. 

0.61 

1.82 

3.17 

5.74 
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TABLE 10 (cont) 

TISSUE RATIOS OF RADIOACTIVITY OF 1-125 PEANUT LECTIN 
IN CBA/CAJ MICE BEARING RI LYMPHOMA TUMORS 


Organ to Muscle Ratios 
3HR. 8HR 24HR 48HR 


Blood 

Organ/Muscle 

4. 

67 

7. 

13 

5. 59 

2. 

30 


Stan. Dev. 

1. 

24 

2. 

54 

1.59 

0. 

57 

Liver 

Organ/Muscle 

2. 

26 

3. 

72 

6. 87 

14 . 

06 


Stan. Dev. 

0. 

39 

1. 

62 

2. 23 

4. 

08 

Spleen 

Organ/Muscle 

14. 

62 

27. 

80 

37.43 

41. 

58 


Stan. Dev. 

2. 

21 

17. 

16 

11. 58 

13. 

20 

Kidney 

Organ/Muscle 

26. 

62 

36. 

67 

46. 02 

70. 

21 


Stan. Dev. 

9. 

70 

22. 

75 

17.07 

21. 

45 

Stomach 

Organ/ Mus c le 

27. 

58 

63. 

05 

44. 69 

15. 

55 


Stan. Dev. 

7. 

69 

22. 

08 

14. 80 

5. 

20 

Pancreas 

Organ/Muscle 

2. 

97 

4. 

30 

2. 64 

1. 

88 


Stan. Dev. 

0. 

62 

1. 

36 

0. 88 

0. 

73 

Duodenum 

Organ/Muscle 

7. 

40 

14. 

07 

• 6.88 

3. 

77 


Stan. Dev. 

1. 

93 

6. 

42 

3. 03 

1. 

06 

GIT 

Organ/Muscle 

4. 

30 

6. 

92 

3.79 

2. 

71 


Stan. Dev. 

0. 

63 

2. 

91 

0.82 

0. 

91 

Muscle 

Or gan/Mus c le 

1. 

00 

1. 

00 

1.00 

1. 

00 


Stan. Dev. 

0. 

00 

0. 

oo • 

0.00 

0. 

00 

Tumor 

Or gan/Mus c le 

11. 

54 

22. 

44 

33.60 

39. 

80 


Stan. Dev. 

2. 

62 

10. 

66 

20.80 

17. 

59 
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Average tumor rblood ratios of radioactivity increased 
steadily as a function of time- A much more significant reten- 
tion of radioactivity in the tumor than in the blood resulted 
in an average tumor rblood ratio. of 17:1 at 48 hours. The tis- 
5 sue rblood ratios of I-PNA are compared for the tumor and 

various other organs as a function of time in RI lymphoma bear- 
ing CBA/CAJ mice. A steadily increasing tumor rblood ratio 
occurred as a function of time. Metabolism of the radioiodi- 

nated peanut lectin resulted in production of free iodide and 

125 

10 the in vivo biological breakdown of I-PNA was found to be 
very rapid. Trichloroacetic acid precipitation of the plasma 
samples revealed the presence of 70% free iodide in the plasma 
at 3 hours and 80% after 8 hours. This was reflected in the 
organ distribution, in that the stomach had maximum relative 

15 uptake at 8 hours. The important role that the kidney plays 
in the elimination of free iodide probably leads to the hxgh 
kidney rblood ratio. Muscle rblood ratios were very low through- 
out the study period. 

Another background tissue, used for comparison of tis- 

20 sue radioactivity, was the skeletal muscle, and the tumor r 

muscle ratio also increased steadily as time progressed. Aver- 
age tumor rmuscle ratios that were already 13 rl at 3 hours, 
reached an average value of 40 rl at 48 hours with individual 
ratios as high as 65 rl. The liver rmuscle ratio is generally 

25 only 30% of the radioactivity ratio shown by tumorrmuscle. 

Since the radioactivity was determined for the reamin- 
ing carcass and for the tissues-o f- interest , it was possible to 
calculate the percentage of radioactivity in various tissues, 
based on the radioactivity remaining 'in the body at the time of 

30 sacrifice. The percentage of remaining dose per gram of tissue 
showed that at 3 and 8 hours, the tumor contained about 10% of 
the remaining body radioactivity, per gram of tumor tissue. By 
24 hours, the overall elimination of radioactivity from the 
whole body was greater than that from the tumor. Such selec- 
tive tumor retention resulted in 16% of the remaining body 
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radioactivity being contained per gram of tumor tissue at 24 

125 

and 48 hours post- I-PNA-m j ection . Thus, there was a very 

125 

low muscle retention of I-PNA and a blood clearance of 
radioactivity which was faster than whole body elimination. 
5 The amount of radioactivity contained in various entire 

organs at 24 hours, expressed as a percentage of the I-PNA 
remaining in the body, was as follows: tumor (2.6 + 1.6%), 
liver (4.7 + 1.4%), spleen (2.6 + 0.7%), both kidneys (8.5 + 
2.5%), stomach (8.0 +■ 3.8%), pancreas (0.26 + 0.12%), small and 

10 large intestine (4.7 + 1.4%). Preliminary biodistribution 
studies had revealed that the thymus, brain, fat and bone 
showed very low uptake of radioiodinated peanut lectin. 

The serial gamma camera images reflected the tissue 
biodistribution data. Posterior views of 20,000 counts, col- 

15 lected with a Pho Gamma IV camera (pinhole collimator) at 6, 
24, 48 and 72 hours showed a diffuse whole body distribution 
on the initial day with some localization evident in the tumor. 
The stomach, left kidney and spleen, which all lie in close 
proximity and in fact overlie one another in the posterior 

20 view, combine to produce a "hot spot" on the left side of the 
animal. Rapid clearance from the blood, stomach and muscle 
and a relatively slower clearance in the tumor, allowed an even 
clearer delineation of the tumor by 24 and 48 hours. The tumor 
shows the most intense localization in the body at 48 and 72 

25 hours. No blood pool subtraction was necessary for successful 
imaging. 

Dissection of an animal imaged at 72 hours revealed 
that 37% of the total radioactivity remaining in the body was 
contained within the tumor. The tumor:muscle ratio in this 
30 particular mouse was 45:1 and the tumor: blood ratio was 7.5:1. 
The "hot spot" in the region of the neck corresponds to the 
salivary glands, which contained 5.6% of the total activity re- 
maining in the body. Levels of radioactivity in other organs 
at this time were: thyroid 1%, stomach 2.7%? kidneys 3.5%, 
lungs 1.6%and testes plus seminal vesicles 1.2%. 
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Al though localization of the radioactivity in the kid- 
ney, stomach and salivary gland was probably due to the radio- 

125 

iodide from the metabolized I-PNA, there may also be some 
125 I-PNA specific binding in these tissues. The peanut lectin 
5 has been used in vitro for the histochemical staining of mouse 
organ sections and PNA reactive glycoproteins have been found 
in the stomach, salivary glands, GIT, kidney, lung, pancreas 
and sex organs. However, results of in vitro binding to tissue 
sections are not easily extrapolated to in vivo localization 

10 studies. Tissue sections reveal sites not normally available 
to a macromolecule. The intracellular cytoplasm and Golgi 
zones are readily available in tissue slices, for interaction 
with a protein 'molecule. The final sialic acid-capping reac- 
tion, in the sequential synthesis of normal cell surface glyco- 

15 proteins, occurs within the Golgi apparatus. The T antigen is 
believed to be a precursor of normal cellular glycoproteins, 
and as such would be expected to be found, in the unmasked 
form, within the secretory bodies and Golgi apparatus of normal 
cells. These sites are not normally available for macromole- 

20 cular interaction in intact cells, but are exposed in tissue 
sections. Indeed, one of the major sites of PNA interaction 
in histochemical studies of mouse tissues was found to be the 
Golgi zones and stored secretory bodies. 

Peanut lectin reactive sites have also been found, in 

25 in vitro studies, at extracellular locations. The mucous se- 
cretions and liminal surface of epithelial linings in the GIT, 
pancreatic and genitourinary tracts have been found to bind PNA 
when mouse tissue sections were examined in vitro . When tissue 
sections of human breast tissue were examined for in vitro 

30 binding of PNA, they also demonstrated a PNA-binding pattern 
which tended to be confined to luminal surfaces of epithelial 
cells and their secretions. 

Although these sites are readily available for peanut 
lectin interaction when tissue sections are tested in vitro, 
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the liminal surfaces are essentially "outside" the body and are 
usually immunologically privileged and poorly vascularized. 
The poor contact with blood and lymph in these locations may 
not allow the in vivo localization and binding of a macromole- 
5 cule, such as radioiodinated peanut lectin, before the protein 
is metabolized. 

The importance of the vascularity and macromolecular 
accessibility of a tissue is demonstrated in the present inven- 
tion by the failure of in vivo localization of radioiodinated 
10 PNA in the thymus of CBA/CAJ mice. Although 65 to 90 percent 
of mouse thymocytes have been found to bind PNA when tested 

histologically or in cell suspension only 0.003% of the in- 
125 

]ected dose of I-PNA was found in the thymus, 24 hours post- 
injection. The thymus possesses a specialized vasculature, 

15 with an especially thick basement membrane and epithelial cell 
layer. The epithelial membrane acts as a barrier to impede 
passage of macromolecules , such as the peanut lectin, to the 
PNA reactive cells in the parenchymal interior. 

The vascularity of the tumor also plays an important 

20 role iirthe accessibility of tumor cell surface antigens for 

interaction with radiolabelled lectins and other protein macro- 
molecules. Animal tumor models, with solid subcutaneous tumors, 
provide tumor antigens which are located outside the host's 
normal vascular bed and do not allow fpr extremely rapid anti- 

25 gen-lectin interaction. When this is borne in mind, the clear 
tumor images obtained at 24 and 48 hours and tissue biodistri- 
bution data indicate a localization and retention of the radi- 
iodinated peanut lectin which is possibly only limited by the 
tumor vascularity. 

30 The selective tumor retention and fast blood clearance 

of radioiodinated PNA, combine to produce tumor: blood ratios 
such as 17:1 and these results are excellent when compared to 
other proteins and antibodies used for the radioimmunodetection 
of cancer. The localization of tumors using affinity purified 
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anti-CEA (carcinoembryonic antigen) has been complicated by low 
tumor :blood ratios of, for example, 1.3:1 at 24 hours and 2.4:1 
at 48 hours. The absolute requirement of computerized blood 
pool subtraction for successful imaging with anti-CEA has led 
5 some workers to express doubts for its routine clinical useful- 
ness. A high blood background may also complicate studies 
utilizing human anti-T immunoglobulins. These antibodies are 
primarily of the IgM class and, therefore, are largely confined 
to the bloodstream. 

10 The solid subpannicular RI tumors, used in studying the 

125 

biodistribution of I-PNA, were analyzed for presence of the 
T antigen following in vivo growth and they were found to lose 
the antigen to some extent. When grown in vitro in tissue cul- 
ture media as a cell suspension, 70 to 90 percent of the RI 
15 tumor cells were found to bind peanut lectin, as well as a hu- 
man and rabbit preparation of anti-T. The binding of anti-T 
antibodies to RI tumor cells was detected by indirect immuno- 
fluorescence. 

Following 11 to 17 days growth in vivo as a solid sub- 
20 pannicular tumor, only between 14 and 18% of the cells expres- 
sed the T antigen, independent of the tumor mass. Therefore, 
the expression of the PNA binding receptors on the tumor cells 
appears to be sensitive to the environment in which the cells 
grow. 

25 Changes in cell surface glycoproteins have been docu- 

mented for other tumor cell lines. The TA3-Ha ascites mammary 
adenocarcinoma cells have been shown to shed T- and MN antigens 
from the cell surfaces and during transfer of the ascites form, 
to either suspension culture or a solid form of in vivo tumor, 

39 the tumor cells were found to lose cell surface glycorpoteins . 
The glycoprotein content of the 13762 rat mammary adenocarcin- 1 
oma also appears to depend on the environment or on the condi- 
tion of growth. The major sialoglycoprotein, ASPG-1, of the 
ascites form of 13762 rat tumor cells has been shown to contain 
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PNA receptors. The solid 13762 tumor, from which all the as- 
cites sublines were derived, does not contain ASPG-1, as de- 
tected by PNA. When this tumor cell line is grown in the as- 
cites form, the ASPG-1 glycoprotein appears to be shed from 
5 the cell surface and soluble ASPG-1 glycoprotein is found in 

the ascites fluid and plasma of ascites-tumor-bearing rats. 

125 

Considering the localization of I-PNA was relatively 
high in an animal tumor model in which only 14 to 18% of the 
cells of the tumor cell mass express PNA receptors, radiolabel- 
10 led peanut lectin appears to present great potential as an 
agent for the radioimmunodetection of cancer. 

125 

8. The In Vivo Specificity of Tumor Localization of I- 
PNA 

In order to gain a better insight into the mechanism 

15 of in vivo PNA localization in RI tumors, it was desirable to 

determine the relative contribution of specific and nonspecific 

uptake in animal tumor models. The specificity of in vitro 

binding to RI tumor cells was demonstrated by the fact that ad- 

125 

dition of galactose produced an inhibition of I-PNA binding 
20 to RI tumor cells in culture and by the absence of binding when 
tumor cells, EL4, not expressing the T antigen were tested. 

Although antibodies within a certain class, e.g., IgG, 
of different binding specificities, are sturcturally similar, a 
nonspecific lectin is not readily available to act as a control 
25 for studies of peanut lectin binding. Therefore, a protein 

molecule of similar molecular weight, F(ab') 2 nonspecific rab- 
bit IgG fragment, was chosen. This fragment has a molecular 
weight of 100,000 to 105,000 and is prepared from IgG molecules 
by cleavage of the Fc portion of IgG, with pepsin treatment. 
30 The Fc fragment is involved in the binding of complement, tis- 
sues and macrophages, so that its removal in the preapration of 
F(ab')2 fragments will hopefully decrease nonspecific accumula- 
tion in both normal tissues (lack of Fc binding) and tumors 
(lower molecular weight) . 
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The F(ab') 2 nonspecific rabbit IgG fragment, therefore, 

was chosed as a control protein to be labelled with 1-131 and 

125 

the injected simultaneously with I-PNA. Differnetial radio- 
active counting of tissue samples for the two different iodine 
5 radioisotopes then allows for analysis of the specificity of 
PNA localization. 

Two animal tumor mdoels were used to analyze the spe- 
cificity of tumor localization. The EL4 mouse lymphoid tumor 
cell line does not express receptors for the peanut lectin and 

10 when tested in vitro , radioiodinated peanut lectin had very 

low affinity for this tumor cell line (Table 6) . Therefore, 6 
x 10 5 viable EL4 cells were injected s.p. in C57 black mice, 
to provide a solid subpannicular tumor 10-12 days later. The 
C57/Black mice, bearing EL4 tumors, then served as a control 

15 animal-tumor model for the CBA/CAJ mice, bearing RI cells. 

In separate biodistribution studies, both sets of tumor- 

125 

. bearing animals were injected simultaneously with 3 MBq I- 
PNA (165 KB]/ug) and 3.5 MBq 131 I-F (ab * ) 2 . Between 4 and 6 ani- 
mals in both groups of tumor-bearing mice were dissected at the 

20 time periods of 24 and 48 hours. Additional CBA/CAJ mice were 
sacrificed at 8 and 72 hours. The tissue samples and injection 
standards were analyzed for 1-131 and 1-125 radioactivity, as 
described earlier. 

The specificity of the protein localization in the two 

25 different tumor animal models was analyzed by calculating the 

specificity indices. The ratio of relative tissue rblood radio- 
activity concentration obtained for radio labelled peanut lectin 
was divided by the corresponding tissue rblood ratio for the 
control protein, as outlined in the following equation: 


30 


... .. tissue rblood T^I-PNA) 
specificity 


index tissue rblood ( 131 I-F (ab ' ) 2 ) 
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The numerical specificity, indices are listed in Table 11. The 
percentage injected dose per gram of tissue (utilized in calcu- 
lating these ratios) and the percentage injected dose incorpor- 
ated per entire organ are outlined in Tables 12 and 13, respec- 
tively . 
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The specificity index was compared to the CBA/CAJ mice 


(with the T antigen bearing RI tumors) and C57/Black mice (with 
the non-T antigen expressing EL4 tumors) using an unpaired t- 
test. Statistically (p < 0.01) higher specificity indices were 
5 found in the tumor and spleen of the RI tumor bearing mice, as 
compated to the EL4 tumor bearing mice at 24 and 48 hours and 
the salivary glands at 48 hours. None of the other tissue spe- 
cificity indices were found to be significantly different (p < 
0.01) between the two animal tumor models. 

10 At 24 hours, the tumor exhibited a specificity index of 

11.46 + 1.14 in CBA/CAJ mice with RI tumors. Therefore, the 
P(ab') 2 fragment, which has a similar molecular weight to PNA 
but not the specific glycoprotein binding ability of PNA, could 
only account for about 8.5% of the PNA localization (expressed 

15 as a tumor to blood ratio of radioactivity) that occurred in 

the RI tumor. However, when an animal tumor model was used in 
which the tumor did not express the' T- like specificities, this 
preferential tumor localization of PNA was no longer evident. 
Therefore, a specificity index of only 1.34 was observed in the 

20 C57 black mice, bearing EL4 tumors, and 75% of the PNA uptake 
in this tumor is possibly due to nonspcific localization. 


retention of radiolabelled peanut lectin only within tumor pre- 
senting cell surface receptors with which the PNA may specifi- 

25 cally interact. A specificity index of 11.5 at 24 hours post- 
injection shows excellent specificity when compared with other 
radioimmunodetection studies in animal tumor models. The pea- 
nut lectin, therefore, appears to achieve a specific tumor lo- 
calization at 24 hours, 3 to 4 fold higher than that obtained 

30 by some commonly used antibodies such as anti-CEA. The speci- 
ficity index of 125 I-PNA versus 131 I-F (ab* ) 2 was actually found 
to decreased from 11.5 + 1.1 at 24 hours to 8.4 + 1.2 at 48 
hours. A decrease of this localization index has been observed 
in many radioantibody investigations as the tumor mass becomes 


These results point to a preferential localization and 
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10 


15 


20 


25 


larger. Larger tumors may contain necrotic tissue, which will 
no longer retain the specifically-binding protein. In addition, 
if tumors above a certain critical size are rich in extr avascu- 
lar blood, they may show a much larger contribution of nonspe- 
cific macromolecular localization to the overall antibody local- 
ization mechanism. The average mass of the RI tumors used in 
the present studies at 48 hours (1.47 grams), was about 50% 
higher than those tumors dissected at 24 hours (0.97 grams). 
Changes in (1) the relative ratios of viable to necrotic tissue, 
or (2) tumor vasculature, may have resulted in the lower speci- 
ficity indices observed at 48 hours. 

Two other tissues examined in these biodistribution 
studies revealed significantly different specificity indices 
when comparing the two different animal tumor models. The high 
specificity index (19 + 1.6) observed in the submaxillary glands 
of CBA/CAJ mice at 48 hours could either be due to localization 
of radioiodide or radiolabelled peanut lectin. The in vivo 
hydrolysis of the radioiodide from the proteins was - found to be 
much more extensive for the radiolabelled peanut lectin than 
for the P(ab') 2 fragment. Analysis of plasma samples at 48 

hours revealed that only 44 percent of the peanut lectin radio- 
125 

label, I, was precipitated by TCA while 75 percent of the 

131 

I radioactivity was found to be protein bound in the plasma. 
The last tissue examined, which appeared to exhibit 
differential mouse tumor model distribution of PNA, was the . 
spleen. The multiple functions of the spleen, and the presence 
of both lymphoid and reticuloendothelial cells, allow several 
alternative postulations for the specific PNA localization in 
the spleens of CBA/CAJ mice. The peanut lectin may be inter- 
acting with cells within the normal spleen of CBA/CAJ which 
have receptors for this lectin. The major lymphoid mass of the 
spleen (white pulp) has easy access to the bloodstream, as it 
is concentrated around the arterioles of the spleen, in the 
form of periarterial sheaths. 
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Al though the possibility of some PNA aggregation may 
have contributed to some splenic uptake, the selective spleen 
uptake was not parallelled by a selective accumulation in the 
liver. There was no significant difference in specificity in- 
5 dices of the livers of CAB/CAJ mice and C57BL mice. 

It is interesting to note that the animal tumor model, 
in which the selective spleen uptake occurred, was the one bear- 
ing a tumor with PNA receptors. The presence of the tumor may 
have played an important role in the spleen localization. 
10 Tissue Distribution Studies with SBA and DBA 

We have also studied the relative and absolute tissue 

uptake of soybean agglutinin and Dolichos Biflorus agglutinin 

125 

after the intravenous injection of I-labelled lectins. The 
tumor specificity of these two lectins appears to provide a 

15 tumor-to-blood ratio of at least 5, seventy-two hours after in- 
jection. The relative tissue uptake (Table 14) shows that the 
target organ showing the maximum uptake is the lung in the case 
of SBA, while both the kidney and liver exhibited maximal con- 
centrations of the DBA compound. Thus, target of different 

20 organs, through the use of different lectins carrying the ap- 
propriate label, can be utilized in accordance with this inven- 
tion. 

25 


30 
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TABLE 13 



RELATIVE TISSUE 
(24 Hours) 

PNA 

UPTAKES* 
SBA 

DBA 

Tumor 

1.30 

0.14 

0.45 

Kidney 

2.69 

0.30 

5.53 

Spleen 

1.92 

1.15 

1.44 

Lung 

0. 78 

1.68 

0. 31 

Liver 

0.35 

0.11 

3. 37 

Salivary 

1.51 

0.37 

0.92 


% Inj. Dose per Gram of .Tissue (N=7) 


to* 
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Clinical Trials with Radiol abelled PNA 

Peanut lectin was prepared, in an affinity purified 

form, on a column which had a Synthetic T. hapten (8-D-Gal 

(l-»-3) ct-D-Gal NAc) attached. The toxicity, pyrogenicity and 

sterility of PNA and 131 I-PNA were tested in a standard manner 

(U.S. P. methods, Edmonton Radiopharmacy Centre and British 

Columbia Pyrogen Testing Laboratory, Canada) . PNA was iodin- 
131 

ated with Na I using the iodogen procedure and separated 
from the free iodine by gel chromatography on Biogel-P6-DG. 
After obtaining informed consent, eight patients with proven 
metastatic cancer (3 colon cancer, 2 breast cancer, 2 lung 
cancer and one adenocarcinoma with an unknown primary source, 
Table 14) , and presumed normal renal function (normal blood 
urea and serum creatinine, no proteinuria) who had no known 
history of allergy (specifically to peanuts and iodine) , under- 
went intradermal skin testing with dilutions (0.5 ml of 1, 0.01 
and 0.O001 yg/ml) of PNA and commercially available peanut 
antigen (Abbot Laboratories, U.S.A.). Each patient was given 
an oral dose of 10 drops of a saturated solution of potassium 
iodide, to block the thyroid uptake of radioiodine, on five 
daily occasions, before and during scintiscanning. Prior to 
imaging studies, measurements of serum total IgE and RAST (an- 
tigen specific IgE) to peanut antigen were performed. 

Each patient received an intravenous injection of 131 I- 
PNA (dosage range 17-88 ug, range of radioactivity, 37-93 MBq 
of I, specific activity 1.9 MBg/ug (Table 14) and whole-body, 
external scintigraphy was performed at intervals (3, 6, 9, 24, 
48 and 72 hours) following injection of 131 I-PNA. Imaging data 
was acquired using a large field of view gamma camera (GE-400T) , 
interfaced to a computer (A 2 System, Medtronic, Canada). Be- 
cause abdominal scintiscans, at 3h post injection, indicated 
rapid sequestration of the radiopharmaceutical in the kidneys, 
one patient was imaged sequentially with 5 minute frames for 
30 minutes following intravenous administration of 131 I-PNA. 


w VitO 
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131 

One subject (patient RW, Table 14) received a dose of I-PNA 
on two occasions, separated by a 2h interval (Table 14) .and 
underwent additional imaging 6 days following the initial in- 
jection. Scintigraphic data were stored in the computer in 
5 order to process the images. 

Whole body retention of 131 i was assessed by counting 
with a Searle Pho-gamma IV scintillation camera in the whole 
body mode. Venous blood samples were collected at intervals 

(5, 10, 15, 20, 30, 40 min; 1, 2, 4, 6, 24 and 48 hours) follow- 

131 

10 ing injection of I-PNA in 6 out of 8 patients and urine was 
collected for 48h in 7 patients, to determine the pharmacokin- 

1 -31 . 

etics of I-PNA. The level of circulating T antxgen were 
determined by solid phase assay in serum samples taken before • 

131 I-PNA administration in 6 out of the 8 patients. 

131 

15 Biodisposition of I-PNA 

Toxicity to 131 I-PNA was not observed and no patients 
showed evidence of an immediate hypersensitivity reaction to 
each antigen during skin testing. Measurements of serum total 
IgE and RAST in the 8 patients were within normal limits. The 

20 serum concentration of T antigen was raised in the six patients 

who were tested (88.3 +10.9 S.D. yg/ml) (Table 14) compared to 

concentrations in 107 controls without known malignant disease 

(19.4 + 9.4yg/ml). The mean blood concentration of 131 I-PNA, 

as a function of time, following the intravenous injection of 

131 

25 varying doses of I-PNA in 6 out of 8 patients. There was an 
initial rapid elimination of 131 I-PNA from the blood with a 
more delayed clearance beyond 6h. The first component of the 
biphasic blood concentration-time curve showed a mean blood 
half life (tl/2) of 44.5 + 3.0 S.D. min and the second compon- 

30 ent had a tl/2 of 15.6 + 2.0 S.D. h. 

Whole body counting indicated that 12 + 1.9% S.D. of 
the total administered dose was retained in the body at 48 hours. 
At scintigraphy, this activity was found to be present mainly in 
the kidney, but in three patients there was a relatively low 

fir; 

V.'L-tj 
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131 

concentration of I m the thyroid and stomach. Urine col- 
lections in 6 out of 8 patients indicated that 82.3 + 5.3% S.D. 

of the total administered dose of radioactivity was recovered 

131 

xn the first 24h after injection of I-PNA with 94 + 7% S.D. 
5 at 48h. Most of the radioactivity (> 75%) in the urine was in 
a form that could be precipitated by cold 10% trichloroacetic 
acid , implying that the radioiodine was excreted bound to a 
polypeptide. Binding studies with asialo GMl-Synsorb (Chem- 
biomed Ltd. , Canada) indicated that 40-70% of the urinary 

10 radioactivity had retained its binding potential to the synthe- 
tic T. hapten. Gel filtration analysis of the urinary excre- 
tion products revealed a structurally intact lectin with a mole- 
cular weight of 107,000. 

The results of the scanning in 8 patients with metasta- 

15 tic cancer are shown in Table 14. Marked renal concentration 
of the radiopharmaceutical was apparent in all. scans. In both 
patients with breast cancer (RB and SB, Table 14) there was un- 
equivocal visualization of radioactivity at known sites of 
secondary neoplasm. However, in one patient (RB, Table 14) , 

20 the activity was noted in a presumed malignant pleural effu- 
sion and nonspecific localization of the radiopharmaceutical by 
diffusion could not be excluded. In contrast, pulmonary metas- 
tases were clearly identified on a thoracic scan of a patient 
with breast cancer (SB, Table 14) and the scintigraphic findings 

25 corresponded with the appearances on a chest x-ray. In the two 
subjects with lung cancer (I.G. and M.Mc. , Table 14), the scin- ' 
tigraphic findings suggesting tumor localization were inconclu- 
sive. 

In one patient (R.W., Table 14) with adenocarcinoma of 

30 the cecum, residual activity was identified at multiple sites 

on abdominal scintiscans at 6 days following initial injection 

of 131 I-PNA. This residual activity was presumed to be due to 

131 

localization of I-PNA in peritoneal metastases, which had 
been visualized at an earlier laparotomy. On a 24h liver scan, 
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metastases seemed to be visualized in a patient (A.B., Table 
14) with, liver deposits secondary to carcinoma of the sigmoid 
colon. 

131 

When lower doses of I-PNA were used, tumor visualx- 
5 zation was often not apparent (Table 14) . It is of importance 
to note that although certain scans showed promising results 
for cancer detection in 6 out of 8 patients, other known areas 
of metastases were not detected (Table 14) . Information in 
the raw scanning data was such that the sites of involvement 

10 had to be known prior to processing of the images by filtering 
and background subtraction techniques. Renal activity and the 
associated scatter prevented visualization of adjacent abdomi- 
nal structures, except in one patient (AB, Table 14) in whom 
the liver was well visualized because the right kidney was lo- 

15 cated in the right iliac fossa. 

To our knowledge,, this is the first time that radio- 
labelled lectins have been administered by intravenous injec- 
tion to man. Lectins have been used in vivo as carriers for 
the delivery of chemotherapeutic agents to neoplasms in experi- 

20 mental animals. Injection of concavalin-A conjugated with a 

chemotherapeutic drug has been found to prolong the survival of 
tumor bearing mice more effectively than injection of lectin or 
the cytotoxic drug alone. The results show that the scinti- 
graphic detection of certain forms of malignancy can be effec- 

25 ted, especially when doses of the order of 88 yg of PNA are 

used. In successful radiodetection experiments in animals, ap- 

125 

proximately 0.7 yg of I-PNA (specific activity 500 kBq/yg) 
were used in mice weighting approximately 25 g. To produce 
comparable results in man, a dose of approximately 2 mg should 
30 have been used. However, in pilot clinical trials, we were 

limited to smaller doses because of the unknown systemic toxic- 
ity of PNA in humans. Animal toxicity data conducted by us in- 
dicates that PNA is relatively notoxic in single doses up to 12 
grams equivalent in man. 
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The rapid blood clearance of a tumor seeking reagent, 

such as PNA, has the theoretical advantage of allowing higher 

tumor to background ratios for scanning, but if metastases have 

poor blood perfusion, then rapid excretion and renal concentra- 
131 

5 tion of I- PNA could lead to suboptimal localization for 
scintigraphy . 

There are many naturally occurring lectins with vary- 
ing specificity for carbohydrate antigens and it seems likely 
that other lectins may be useful in the targeting of tissues or 

10 perhaps the scintigraphic detection of malignancy. In two pa- 
tients (AB and SB, Table 14 ) , 131 PNA did not image known bony 
metastases that had been treated with radiotherapy. It is pos- 
sible that treatment of cancer may alter the expression of 
tumor antigens, thereby interfering with the tumor seeking po- 

15 tential of a lectin or antibody. Despite the presence of cir- 
culating T antigen in our subjects, as measured by solid phase 

131 

assay, tumor localization of I-PNA occurred. 


20 


OMPI 


WO 85/01442 


PCT/US83/01395 


-91- 



>H 
















i 


St 



G 

G 


CU 01 


rH Ul 


01 rH 


01 "3* 



id 

to TJ id 


(0 CT> 


It] Q) 10 


>1 (D (d 


CD CM 


>i CD 

o 

>i CD CD O 

c 

M G 


CD 01 >i C 


M 01 3 


01 >l 


U C M 

CO 

M 01 M 01 


tjl-rl 


C Id i-4 £ Id 

M 

M id id w 


Id rH S 


Id O -H 


id id -h 


•H TJ 


O +1 jj O O 

m 

Id C 4-> -r4 


4j ja •!-) 


G-r4 H ^3 

G 4-> i-H Si 


4-> G 


4-> 01 Id 0] 

o 

CD O 01 > 


M oi id 


O co id 

O to id ^ 

IV 
r- 

St -H 


■H id is (3 


rH El Id 

rrj 

oi id ja c 


6 3 3 N 

E; id 3 CN 


•H fa 


M 4-> O <D >i 

o 

OH+IJJ 

CD 

> 4-1 O CD 

id 

rH 4-1 01 


r-4 4-> 01 


O 


CD CD M 0) id 

c 

C 3 CD O 

N 

•H CD M CD 

o 

3 M-J -rl 

G 

3 <D -rl G 


CO 



H 

3 (1, g C 

•r| 

hi £s flj 01 

01 


ft g >.rl 















st 

# 









o 

CO 

o 

Oh 










CD t3 

•rl 











01 CD. 

4J 

n. 




# 


» 


# 


ta to 

aj 





■> OS 


CO 


CO 


+> 01 >i 0> 





*H * 


• 



3 

I-H 

oi a) ja 

■iH 

-f-f 


Oh 


CO Qj 
»— 1 Hh 





EH 

(0 01 

4-» 

Hi « 









4-> 01 

01 



Oh 








CD 

CD 







# 




s 

> 


CO 



CO Eh CO 


Oh 


Oi 



st 



• -H 


• • • 




• -H 

CO 


H 


h3 03 



tA CJ ffl 


Ph 03 


fa 03 













rM 

0 











Mi 

•H 











1 
1 

-P 








rH G 



H4 

*H it* 

K Id 






c 

K 


id O 



p*J 

r^l 

!3 4J CD 


f\ ri lit 
U 'U 




rj 


U -rl 



CO 

O 01 4-> 


b (ri jj m 

M »U ^* V# 

Li 
ri 



rn h-* 


3 oi 



■ 

G id -h 



fl) 

CP 




Cr> CD 3 


rn rt\ 


US 4-1 CO 


E> M 03 M 

»> 



> C CD G 


G rH m 


C G 


$ 


™ S V 


■— 1 


•■-I 3 g f\ 

ri h' Eh w 


3 Oh m 


rj O 

H 

5 

s 


J rn n CA 

HH LTJ ^1 UJ 

rH 



j j O (fl 

t—l rHj \^ MH 


1-3 ~— CD 


rn 

M 











- 

HH 












r \ 

>1 












'MM 












Id CD 



e is 

ftJ CI) 


'rj Id CD 


id CD 


id CD 


S o 


O «P 

t) 
»> \J 



•H CJ 1 1 


4-> O 4J 


xi ri ±i 

H^* \J H^ 

o 

•H G 


So o 

o o 

<u d o o 


o c o o 


01 o o 


01 0 O 


M id 


3 £ +J <l) 

c st 

o o c d) 


S O C CD 


id G CD 


id G CD 

*^ 

ft U 


- n fli n in 

HI 

v> m 

CD r-4 fl) CO 




CD CD 01 


CD CD to 




CD «0 C 0) 

C rrj 

CD o "O CD 


•rl O CD 


54 TJ CD 


}_l rrj CD 

CO 



CJ id *— ' M 

a JSC 

Q O id" M 


CO O id M 


03 id M 


PQ id M 

EH 























W 

C C 











M 

o tu 












•rH tn 













« 











K <o 4-» 












rH i i » 

3 H C 

\ 

o 


CO 


CO 


1 


1 

00 

M +■» 

rn 

00 

<T\ 

r~ 


oo 


1 


j 


ill (H. 

U/ »H 

—1 











CO CI) Eh 











H 

O 












G 4-1 











CO 

O O 












o 























H 












r — * 

u 

< 











* 

s 

G 1 










HI 

Ot 

03 

o c\ Ica 

00 





o 



fa 

1 

s 


ro 



CT\ 


o 




H 








i-H 



o 

r-H 











H 

ro 











C5 

rH 











O 













UH 


03 Ilo 

oo 





00 




O 

3. 

r-l p-l|ro 




CO 


CO 



§ 












w 

CD 


rH 









CO 

01 


id 










O 


4J 









Q 

a 


O 












Eh 





















O 

1* 











H 

a) 



S 

Ph 


fa 


fa 


fa 

VPH 

CO 











2 

4-1 











t-4 

g 











Eh 

a) 












•H 




• 


» 


• 


• 

M 

4-» 


S 

a 

s 


pa 


03 


03 

u 

a) 



• 







• 

CO 

fa 


OS 


H 


<" 


0< 


CO 


WO 85/01442 


PCT/US83/01395 


cu a 

(0 Oi 

u c 
tn-i-i 

+> c 

•H &i 

o 
ca 


to 

CD T3 

(o a) 


10 

-P 
to 

(0 

-p 


e 

o 
fl 


c 
o 

•H 
•P 
(0 

+» 
in 
cu 
> 
fl 


<0 01 
-P 

a) 


e o 

-H fl 

U (0 
CU (J 


fl 

o 


C! 

cu 

•H tn 


■P-H — . 

3 M 
^ -P 

a) fl 
ca tu 
o 

C <4-l 

o o 
o 


tn 

E-l 3. 


ft 
I 

M 


o 

a) 
ca 
o 
a 


cu 

CO 


+> 
c 
<u 

-P 
rrt 


O 1 


01 
3- 


fl 
o 

•H 

-P r-l 

hj to 

M !-l 
■H 3 

h a> ■ 

(0 i 


-92- 


O 

+» oi 


fl 4J 
O C 

■H CD 


CO O 

s as « o 
ca m -n S 
.H 4-1 tw id 3 
> o cu to +j 


m 

g 04 


a 

•H 
-P 
CO 
(0 
fyi— I 

c -a 

3 CD 


-P • 

ca 
as 


•H 

O 

e 

u . 
04 <u 

Cn ro T3 
fl C -i-t -P 

■a is ao 

i-3 ' 0) c 


oo 


CD 
-P 
O 
CD 
CO 
<D 
M 


in 


C3 


I 

•H 
■P 


O C 
S (0 

o 
tn 


c 
o 

-H 

-P 

(0 W 

CD N (0- 
i— I -H 'H 
■Q iH T3 
•r-l (0 CU -P 

01 3 B 

CO CO H£f 

O -H 4-1 (0 
Hi > O fl <N 


• CO 


05. fri 


tn 
fl 

3 


•H 

o 
s 

M 
CD 

fl -H -P 
3 CU O 
J CU C 


oo 
o 


oo 

CO 


00 


o 
S 


fl 

rtJ 
O 
CO 

CD 

fl 
o 


S 

o 
■p 
o 
u 

rd 

a 
(0 
r-r 

II 


>t 

CU 

o 
o 
to 
o 
a 

•H 

-P 

to 

(0 
•H 

-a 

CD 

g 


II II 
co 


>1 

o 
o 
to 
o 

o 
fl 
o 
u 


>i 
ca 
CU 
O 

-H 

XI 


II u 

W -H 







rfl 



CU 



to 






tn 


>1 

O 



5 


■s 

o 


f8 

■p 


M 



Cn 



0 

cu 

c 

■r-l 

N 

rO 


•r-l 

O 

rO 


cn 

U 

CU 



-P 


fl 

3 

a> 

-H 

a 

> 

(0 

e 

■H 

r-l 

o 

r-l 

cu 

o 

II 

ii 

II 


• 

• 

CO 

05 

Eh 


WO 85/01442 


PCT/US83/01395 


-93- 

Based upon the above data, it is concluded that: 

1) An RI mouse lymphoma cell line, shown to express 
T-like antigen receptors, was successfully grown in vivo pro- 
ducing an animal tumor model for the investigation of the in 

5 vivo localizing capability of T antigen-avid proteins. 

2) Anti-T antibodies were radiolabelled in a protected 

form to provide a radioiodinated protein which bound avidly to 

a synthetic T immunoadsorbent. A high binding affinity and 

specificity of radiolabelled anti-T for neuraminidase-treated 

10 red blood cells or RI tumor cells was not demonstrable. In 

125 

vivo biodistribution studies of I anti-T antibodies indi- 
cated that the extent of anti-T tumor localization could be 
matched by that of a nonspecific gamma globulin. 

3) An affinity purified peanut lectin preparation was 
15 radioiodinated and desalted by gel filtration to provide a 

radiolabelled protein which maintained, in excess of 95% of its 
initial radiochemical purity, when stored at 4°C for two weeks. 

4) Radiolabelled peanut lectin exhibited a very speci- 
fic and avid in vitro binding for T-like cell surface glycopro- 

20 teins in both RI tumor cells and neuraminidase-treated red 

blood cells (N'RBC). Radioiodinated preparations of PNA bound, 
on average, 66% to a one ml suspension of 2% N'RBC and 20% to 
5 x 10 6 RI tumor cells. The binding was readily inhibited in 
the presence of galactose and could not be demonstrated with 

25' control cells, lacking the T antigen. 

125 

5) The carbohydrate-binding specificity of I-PNA 
was investigated, using synthetic carbohydrate immunoadsorbents . 
The lectin was found to have an avidity for the T disaccharide, 
S-D-Gal ( 1-*- 3 ) -GalNAc which was about 50-fold (a-linked) , and 40- 

30 fold (g-linked) higher than for galactose and at least 10-fold 
higher than than seen for all other carbohydrates tested. 

6) 125 I Peanut lectin was found to have good tumor lo- 
calization and rapid blood clearance, upon i.v. injection in 
CBA/CAJ mice, bearing RI tumors. Clear images to tumors were 
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obtained in serial scintigraphic imaging by 24 and 48 hours 
post-injection. No blood subtraction techniques were neces- 
sary for tumor delineation. 

125 

7) Biodistribution studies of I-PNA in RI tumor- * 
5 bearing CBA/CAJ mice, revealed tumor : background tissue ratios 

of radioactivity which increased steadily with time. The s 
tumor: blood and tumor rmuscle ratios were 17:1 and 40:1, re- 
spectviely, at 48 hours. 

8) The in vivo specificity of retention of radioio- 
10 dinated peanut lectin in RI tumors was verified when 12 5 I-PNA 

tumor retention was eleven- fold higher than that found with a 
nonspecific protein F(ab') 2 fragment of IgG. Such preferen- 
tial tumor uptake was not evident in an EL4 mouse tumor model, 
in which the tumor did not express PNA receptors. 
15 9) A significant spleen uptake of radiolabelled pea- 

nut lectin occurred in mice, bearing RI tumors, but was not 
evident in mice bearing EL4 tumors. 

10) Based on the data from in vitro binding investiga- 
tions and in vivo biodistribution stidies in tumor-bearing 

20 mice, radioiodinated peanut lectin is useful in the radioim- 
munodetection of tumors expressing the T antigen. 

11) Other lectins, such as Dolichos Biflorus aggluti- 
nin and Soybean agglutinin also localize in tumors and have a 
particular affinity for certain organs. This is important 

25 since we can now target tumors in such organs with the radio- 
labelled imaging or therapeutic lectin. 

12) We have shown that we can successfully, clinically 
image a number of tumors using radiolabelled PNA. 

30 
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Claims 

1 1. A composition of matter comprising a lectin 

2 selected from a group consisting peanut lectin, lectin ex- 

3 tract of orange peel, Madura pomifera lectin, Dolichos Bi- 

4 florus agglutinin and Soybean agglutinin conjugated with an 

5 agent selected from the group consisting of a therapeutic 

6 agent and a radiolabel. 

1 2. The composition of claim 1 wherein said lectin 

2 is peanut lectin. 

1 3. The composition of claim 1 wherein said lectin 

2 is lectin extract of orange peel. 

1 4. The composition of claim 1 wherein said lectin 

2 is Maclura pomifera lectin. 

1 5. The composition of claim 1 wherein said lectin 

2 is Dolichos Biflorus agglutinin. 

1 6 . The composition of claim 1 wherein said lectin 

2 is Soybean agglutinin. 

1 7. The composition of any one of claims 1, 2, 3, 4, 

2 5 or 6 wherein said agent is radioactive iodine. 

1 8. The composition of any one of claims 1, 2, 3, 4, 

2 5 or 6 wherein said agent is technetium- 9 9m. 

1 9. The composition of any one of claims 1, 2, 3, 4, 

2 5 or 6 wherein said agent is conjugated to said lectin through 

3 an amino acid residue. 

1 10. The composition of any one of claims 1, 2, 3, 4, 

2 5 or 6 wherein said agent is conjugated to said lectin through 

3 poly lysine. 
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1 11. The composition of any one of claims 1, 2 r 3, 4, 

2 5 or 6 wherein said agent is conjugated to said lectin through 

3 polyglutamic acid. 

1 12. The composition of any one of claims 1, 2, 3, 4, 

2 5 or 6 wherein said agent is conjugated to said lectin through 

3 an amino acid residue and DTPA or EDTA. 

1 13. The process for detecting cancer cells or a mal- 

2 ignant tumor in a human which comprises injecting into the 

3 human the composition of claim 1 having a radiolabel and scan- 

4 ning the human by scintigraphy. 

1 14. The process for detecting cancer cells or a mal- 

2 ignant tumor in a human which comprises injecting into the 

3 human peanut lectin having a radiolabel and scanning the human 

4 by scintigraphy. 

1 15. The process for detecting cancer cells or a mal- 

2 ignant tumor in a human which comprises injecting into the 

3 ' human lectin extract of orange peel having a radiolabel and 

4 scanning the human by scintigraphy. 

1 16 . The process for detecting cancer cells or a mal- 

2 ignant tumor in a human which comprises injecting into the 

3 human Madura pomifera lectin having a radiolabel and scanning 

4 the human by scintigraphy. 

1 17. The process for detecting cancer cells or a mal- 

2 ignant tumor in a human which comprises injecting into the 

3 human Dolichos Biflorus agglutinin having a radiolabel and 

4 scanning the human by scintigraphy. 

1 18. The process for detecting cancer cells or a mal- 

2 ignant tumor in a human which comprises injecting into the 

3 human Soybean agglutinin having a radiolabel and scanning, the 

4 human by scintigraphy. -j-'-^Afi* 
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1 19. The process of any one of claims 13, 14, 15, 16, 

2 17 or 18 wherein said lectin is labelled with radioactive 

3 iodine. 

1 20. The process of any one of claims 13, 14, 15, 16, 

2 17 or 18 wherein said lectin is labelled with technetium-99m. 

1 21. A dignostic kit suitable for forming a composi- 

2 tion useful in identifying a cancer cell or a malignant tumor 

3 which comprises a sterile package containing a lectin selected 

4 from the group consisting of peanut lectin, lectin extract of 

5 orange peel, Madura pomifera lectin, Dolichos Biflorus agglu- 

6 tinin and Soybean agglutinin and means for mixing the contents 

7 of said sterile package with a composition selected from the 

8 group consisting of reduced technetium- 9 9m and a physiologi- 

9 cally acceptable aqueous solution and radioactive iodine in a 
10 physiologically acceptable aqueous solution. 

1 22. The kit of claim 21 wherein the radiolabel is 

2 technetium- 9 9m. 

1 23. The kit of claim 21 wherein the radioactive label 

2 is radioactive iodine. 
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